Movement and accumulation of inorganic nitrogen within and below the crop root zone by Musherraf, Sayed Noor-ul-Huda
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1974
Movement and accumulation of inorganic nitrogen
within and below the crop root zone
Sayed Noor-ul-Huda Musherraf
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Musherraf, Sayed Noor-ul-Huda, "Movement and accumulation of inorganic nitrogen within and below the crop root zone " (1974).
Retrospective Theses and Dissertations. 5999.
https://lib.dr.iastate.edu/rtd/5999
INFORMATION TO USERS 
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced. 
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 
Xerox University IMicrofilms 
300 North Zeeb Road 
Ann Arbor, Michigan 48106 
74-15,439 
MUSHERRAF, Sayed Noor-ul-Bida, 1938-
MOVEMENT AND ACCUMULATION OF INORGANIC 
NITROGEN WITHIN AND BELOW THE CROP 
ROOT ZONE. 
Iowa State University, Ph.D., 1974 
Agronomy 
University Microfilms, A XEROX Company, Ann Arbor, Michigan 
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED. 
Movement and accumulation of inorganic nitrogen 
within and "below the crop root zone 
by 
Sayed Noor-ul-Huda Musherraf 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
De par tme nt : Agronomy 
Major: Soil Fertility 
Approved: 
I n éhar^/ ^î Ma'jor Work
Fo he Major Department 
For the Gradui e College 
Iowa State University 
Ames, Iowa 
1974 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
il 
TABLE OF CONTENTS 
Page 
LIST OF SYMBOLS AND ABBREVIATIONS x 
I. INTRODUCTION 1 
II. LITERATURE REVIEW 3 
A. Sources of Nitrogen for Plant Use 3 
B. Nitrogen Fertilization and Water Pollution 4 
C. fraction of Applied Nitrogen Used by the Crop 8 
D. Gaseous Losses of Nitrogen from the Soil 9 
E. Nitrogen Application Affecting Movement and 
Accumulation of Applied Nitrogen in the 
Soil Profile 14 
P. Residual Nitrogen 1? 
G. Relationship of Nitrogen and Moisture in 
the Soil 19 
H. Slow-Release N Fertilizers and 
Nitrification Retarders 23 
I. Some Other Factors and Practices Influencing 
Applied N Efficiency 25 
III. MATERIALS AND tîETHODS 28 
A. Field Experimental Sites 28 
1. Western Iowa Experimental Farm 28 
2. Agronomy Experimental Farm 28 
B. Experimental Design and Fertility Practices 29 
1. Western Iowa Experimental Farm 29 
2. Agronomy Experimental Farm 34 
C. Soil Sampling for Laboratory Analyses 37 
iii 
Page 
Û. Handling the Soil Samples Before 
Laboratory Analyses 37 
E. Inorganic Nitrogen Determination 38 
F. Available Phosphorus, Available Potassium 
and pH values 39 
G. Corn Stover and Grain Samples 39 
IV. RESULTS 41 
A. Western Iowa Experimental Farm 41 
1. Inorganic N in 0-5 ft depths 42 
2. Inorganic N in 5-20 ft depth 50 
3. Soil moisture at 0-5 ft depth $6 
4. Soil moisture at 5-20 ft depth 59 
5. Nitrogen content and yield of dry matter 
in com stover and grain 59 
B. Agronomy Experimental Farm 65 
1. Inorganic N test in soil samples 65 
2. Gravimetric soil moisture 69 
3. Dry matter yield, percent N, and yield of 
N in com 72 
V. DISCUSSION 75 
A. Western Iowa Experimental Farm 75 
1. Soil moisture 75 
2. Movement and accumulation of inorganic 
N in soil 77 
3. Com yield and N uptake 82 
4. Recovery of applied nitrogen 85 
B. Agronomy Farm 90 
VI. SUmiARY AND CONCLUSION 92 
VII. LITERATURE CITED 95 
VIII. ACKNOWLEDGBÎENTS 102 
IX. APPENDIX 103 
Figure 1. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
iv 
LIST OF FIGURES 
Page 
Nitrogen experiment plot layout at the 
Western Iowa Experimental Farm 31 
Nitrogen experiment plot layout at 
Agronomy Experimental Farm 36 
Inorganic N concentrations (ppm) in the 5 
-20 ft depth of Napier silt loam under 
com-oat-meadow rotation and continuous com 
receiving different levels of fertilizer N 
during 195^ to I969 (from 1970 to 1972 the 
plot received twice the rate of fertilizer 
N indicated) 52 
Average gravimetric moisture content of 
Napier silt loam in April, July and October 
of 1970, 1971 and 1972 at the 0-5 ft depth 
under continuous com with no fertilizer N, 
continuous corn with fertilizer N and com-
oat-meadow rotation with and without 
fertilizer N 58 
Average gravimetric moisture percentage 
of Napier silt loam at 5-20 ft depth under 
continuous com and com-oat-meadow rotation. 
Sampling dates were May 1971 and November 1972 61 
Average gravimetric moisture content of Web­
ster clay loam at 0-5 ft depth under continu­
ous corn receiving 0, 150, and 6OO lb fertilizer 
N per acre every other year 7I 
V 
LIST OF TABLES 
Table 1. 
Table 2. 
Table 3-
Table 4. 
Table 5» 
Table 6. 
Table ?. 
Table 8. 
Table 9» 
Fertilization pattern of the nitrogen experi­
ment on the Western Iowa Experimental Farm 
Quantities of inorganic nitrogen present in 
0 to 5 ft depth of Napier silt loam under 
continuous corn and corn-oat-meadow rotation 
with different N fertilizer treatments 
Analysis of variance of inorganic N concentra­
tion (ppm) in the 0-5 ft depth of Napier silt 
loam under continuous com with no fertilizer 
N added (plots 5A and 7A) 
Page 
32 
43 
Three-year average of inorganic N concentration 
in April, July, and October at different depths 
in Napier silt loam under continuous com and 
COM rotation receiving different amounts of 
fertilizer nitrogen 45 
46 
Average inorganic nitrogen concentration in 
plots receiving 320 lb of fertilizer N per acre 
every third year under continuous com on 
Napier silt loam 49 
Inorganic N present at 5-20 ft depth of Napier 
silt loam under corn-oat-meadow rotation and 
continuous com receiving different fertilizer 
nitrogen treatment from 1954 to 1972 53 
Average dry matter yields and N contents of 
corn plants as influenced by N fertilizer 
applications. Western Iowa Experimental Farm 62 
Inorganic N content in 0-5 ft depth at Agronomy 
Experimental Farm (Webster clay loam) as influenced 
by N fertilizer applications, average of 2 
replicates 66 
Dry matter yield and N content of com stover 
and grain as influenced by N fertilizer appli­
cations (average of 2 replicates in 1971 and 
1972, Webster silt loam) 73 
vi 
Page 
Table 10. Effect of N fertilizer applications every 
third year on grain yields (oven-dry weights) 
of continuous com 83 
Table 11. Effect of cropping and N fertilizer applica­
tions on the amounts of inorganic N in the 
0-20 ft depth of soil and the estimated total 
N in com grain and com stover for Western 
Iowa Experimental Farm, 195^ to 1972 86 
Gravimetric soil moisture content, 1970-
1972, Western Iowa Experimental Farm 104 
Inorganic N concentration of soils, 1970-
1972, Western Iowa Experimental Farm 120 
Gravimetric soil moisture content, 1970-
1972, Agronomy Experimental Farm (Webster 
clay loam) I36 
Inorganic N concentration of soil, 1970-
1972, Agronomy Experimental Farm (Webster 
clay loam) 142 
pH values, available phosphorus and ex­
changeable potassium concentrations of 
Western Iowa Experimental Farm (Napier 
silt loam sampled on 7-7-70) 148 
Table A-la. 
Table A-lb. 
Table A-2a. 
Table A-2b. 
Table k-J. 
Table A-4. pH values, available phosphorus and ex­
changeable potassium concentration at Agronomy 
Experimental Farm (Webster clay loam sampled 
in April 1970) I5I 
Table A-5. 
Table A-6. 
Table A-7. 
Yield of dry matter, fo total N and yield of K 
in corn stover and grain, 1971 and 1972, 
Western Iowa Experimental Farm (oven-dry 
basis) 153 
Yield of dry matter, % total N and yield 
of N in com stover and grain, 1971 and 
1972, Agronomy Experimental Farm (oven-dry 
basis) 157 
Com grain yields from 1954 to 1972 at the 
Western Iowa Experimental Farm as influenced 
by cropping practices and N fertilizer 
applications 159 
vii 
Page 
Table A-8. AOV. Inorganic N concentration (ppm) in 
Napier silt loam at 0-5 feet depth receiving 
0, 80, 160 and 320 lb fertilizer N/A each year 
under continuous corn 162 
Table A-9. AOV. Inorganic N concentration (ppm) in 
Napier silt loam at 0-5 feet depth in plots 
receiving 320 lb of fertilizer N every 3rd 
year in alternate years; the plots were 
under continuous com 162 
Table A-10. AOV. Inorganic N concentration (ppm) in 
Napier silt loam at 0-5 feet depth in com-
oat-meadow rotation plots planted with corn 
on alternate years but with no fertilizer 
N added I63 
Table A-11. AOV. Inorganic N concentration (ppm) in 
Napier silt loam at 0-5 feet depth in com-
oat-meadow rotation plots receiving I60 lb of 
fertilizer N/A with the com crop plots I63 
Table A-12. AOV. Inorganic N content of Napier silt 
loam at 5-15 ft of control continuous com 
plot with relation to year of sampling and 
depth (plots 7A, sampled July 1971 and 
November 1972) 16^ 
Table A-I3. AOV. Inorganic N content of Napier silt 
loam at 5-15 ft plots receiving I60 lb N/A 
from 195^ to 1969 on continuous com crop 
with relation to year of sampling and depth 
(plots 7H sampled July 1971 and November 
1972) 164 
Table A-14. AOV. Difference between accumulation of 
inorganic N at 5-20 ft depth of plots re -
ceiving 80 and I60 lb N/A each year under 
continuous com during 195^-1969 in Napier 
silt loam (plots 7G and 7H sampled 
November 1972) 165 
viii 
Page 
Table A-15. 
Table A-16. 
Table A-l?. 
Table A-18. 
Table A-19. 
Table A-20. 
Table A-21. 
AOV. Comparison of the accumulation of 
inorganic N at 5-20 ft depth in plots receiv­
ing 80 lb N/A each year (7G) during 195^ to 
1969 under continuous com to plots receiving 
160 lb N/A every 3rd year (6E) also under 
continuous corn and during the same period of 
time. Plot 63 had the highest inorganic 
accumulation at 5-20 ft depth among 3 sets of 
plots receiving the same treatment at 
alternate years 165 
AOV. Difference in inorganic N accumulation 
among plots receiving I60 lb N/A every 3rd 
year on alternate years with continuous com 
crop during 195^ to I969 in Napier silt loam 
(plots UE, 5E and 6E sampled November 1972) 166 
AOV. Comparison of inorganic N accumulation 
at 5-20 ft depth among C0% rotation plots 
receiving 80 lb N/A with com crop in alter­
nate years during 1954 to I969 in Napier 
silt loam (plots ID, 2D and 3D) 166 
AOV. Comparison of inorganic N accumulation 
at 5-20 ft depth between COM rotation plots re­
ceiving 80 lb N/A with corn during 1954 to I969 
with control plots under continuous com during 
the same period in Napier silt loam (average 
of ID, 2D and 3D plots, and plot 7A) I67 
AOV. Gravimetric soil moisture at 0-5 ft 
depth of Napior silt loam among continuous 
com plots receiving 0, 320 lb of fertilizer 
N/A every 3rd year and 320 lb of fertilizer 
N/A each year 
AOV. Gravimetric soil moisture at 0-5 ft 
depth of Napier silt loam under continuous 
com and COM rotation, both with no fer­
tilizer N applied 
AOV. Gravimetric soil moisture at 0-5 ft 
depth of Napier silt loam under continuous 
com receiving 320 lb fertilizer N/A every 
3rd year and under COM rotation receiving 
160 lb fertilizer N/A with the com crop 
167 
168 
168 
ix 
Page 
Table A—22. 
Table A-23. 
Table A-24. 
AOV. Gravimetric soil moisture (May 1971 
and November 1972) at 5-15 ft depth of Napier 
silt loam under continuous com receiving 320 
lb of fertilizer N/A every 3rd year and plots 
receiving 320 lb of fertilizer N/A each 
year I69 
AOV. Gravimetric moisture (May 1971) at 
5-I5 ft depth of Napier silt loam under 
COM rotation and under continuous com I69 
AOV. Gravimetric moisture (November 1972) 
at 5-20 ft depth of Napier silt loam under 
COM rotation receiving I60 lb of fertilizer 
N/A with the corn crop and continuous corn 
receiving 320 lb of fertilizer N/A every 
3rd year I70 
X 
LIST OF SYMBOLS AND ABBREVIATIONS 
$ percent 
A acre 
bu bushel 
CGC continuous com 
cm centimeter 
COM corn-oat-meadow 
ft foot 
g gram 
ha hectare 
kg kilogram 
lb pound 
mg milligram 
ml milliliter 
N nitrogen 
N normal 
ppm parts per million 
yr year 
1 
I. INTRODUCTION 
Among many vital factors responsible for the boost of 
crop yields in this century, the use of nitrogen, phosphorus 
and potassium fertilizers has played the most distinctive role. 
Quantitatively, nitrogen has dominated the other two nutrients 
as far as total usage as fertilizer is concerned and com has 
been one of the most important cash crops in many parts of 
the world, especially in the Corn Belt of the United States, 
to respond positively to the use of fertilizer nitrogen. With 
the favorable effects of fertilizer nitrogen upon the crop 
yield the farmers have developed a tendency to increase the 
rate of application of fertilizer nitrogen for the purpose 
of obtaining higher yields. Since most of the applied nitrogen 
in arable soils will be converted to the nitrate form, agrono­
mists have become concerned with the possibility for contamina­
tion of ground and surface waters with nitrate nitrogen. 
Therefore, a study of movement and accumulation of inorganic 
N resulting from various rates and frequencies of fertilizer 
N application on continuous com and com in rotation was con­
ducted. The results of this study should provide information 
concerning a suitable rate and frequency of fertilizer N appli­
cation for obtaining the highest net income to the farmer and 
at the same time minimizing inorganic N percolation to lower 
soil depths unreachable by crop roots. In this study, an 
attempt has been made to account for the amounts of the applied 
2 
N which have accumulated in the soil profile in the inor­
ganic form and the recovery of N "by the com crops. 
A few other factors, i.e. , soil type, seasonal soil mois­
ture content, and soil drainability which directly or indi­
rectly influence recovery and fate of the applied N, have been 
touched upon in this study. Of the two sites included in this 
study, the Western Iowa Experimental Parm had had a long enough 
history of the desired treatments and the most favorable drain­
age conditions. Therefore, most of this manuscript is devoted 
to the findings from this site. 
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II. LITERATURE REVIEW 
As a main constituent of chlorophyll and protein, nitro­
gen plays an important role in the healthy survival of plants 
and animals. In quantitative terms, among the elements 
nitrogen ranks fourth after carbon, hydrogen and oxygen as a 
component of plants. Because much of the nitrogen needed for 
economic and efficient crop production has to be added to the 
soil, its use as a fertilizer is a prime concern of farmers. 
The fact that almost 80^ of the air is nitrogen does not help 
because plants are not capable of using elemental nitrogen as 
such. 
Because of the economic efficiency of converting elemental 
nitrogen into fertilizer form by the industry, the cost of fer­
tilizer nitrogen has decreased considerably in recent years. 
This has encouraged farmers to use higher rates of this fer­
tilizer element in pursuit of higher crop yields. Not all of 
these high rates can be taken up by the plants. Because of 
the high solubility and mobility of the nitrate-form of nitro­
gen, which is the most predominant soluble form in arable 
soils, concern of contamination of surface and ground water 
sources by nitrate has been increasing. 
A. Sources of Nitrogen for Plant Use 
Nitrogen for plant use is derived from several sources. 
On the average, rainfall brings about 10 lb of nitrogen per 
4 
acre per year. According to Seim et al. (1972) in Nebraska, 
rain water contained up to 3-3 ppm ammonia-N and 2.0 ppm NO^-N. 
Some symbiotic and free living microorganisms fix considerable 
amounts of atmospheric N under given conditions. Organic 
materials, present in the soil, provide the growing crop with 
some N through decomposition and mineralization. Broadbent 
and Nakashima (I968) found that 5 to 13^ of the soil N was 
used by 4 different crops. Since the quantities of nitrogen 
made available by these natural processes may not be suffi­
cient for optimum yields of all crops, a variety of chemical 
combinations of N are added to the soil as a major source of N. 
B. Nitrogen Fertilization and Water Pollution 
Under ideal moisture and temperature conditions, added 
fertilizer N in any other form is converted to nitrate-N. 
This nitrate, when in excess of plant use, may leach into the 
ground water if the soil has good permeability. Russell (1972) 
states that the technical difficulties in determining the fate 
of the added N are, first, that it is not usually possible to 
determine either the amount of nitrate being leached out of 
the soil or the amount that is denitrified in normal field 
soils; and second, that only a part of the NO^ present in the 
soil is derived from the fertilizer, for a portion, and in some 
systems a greater portion, has been derived from the decomposi­
tion of the soil organic matter. Further, he indicates that 
the total amount of nitrate produced in the soil during the 
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growing season is small compared to the total amount of or­
ganic N the soil contains, and it usually cannot "be deter­
mined as it is of the same order of magnitude as the sampling 
and analytical errors in the total soil nitrogen determination. 
These complications, Russell indicates, have the consequence 
that it is not yet possible to prove conclusively what pro­
portions of the nitrate in streams draining out of well-
farmed land have "been derived from N fertilizers added to the 
soil. He reports that evidence from changes of nitrate con­
tent of river water over the last 10-20 years in the regions 
where fertilizer use has been greatly increased is poor and 
inconclusive. Poor because there have been relatively few 
streams and rivers draining predominantly agricultural areas 
whose flow has been gauged and whose water has been regularly 
analyzed, and inconclusive because the results obtained from 
the few long-term records of rivers so gauged and analyzed have 
not been consistent. Research in Great Britain (Russell, 1972) 
has shown that, of the 18 rivers for which records are avail­
able, the correlation coefficient for the relation between 
the amount of N fertilizer used in their catchments and the 
nitrate leaving the catchments was over 0.7 for only four 
rivers. Furthermore, one of the largest of these coefficients 
(r = 0.9) was negative, which means that increased use of N 
fertilizer appeared to have decreased significantly the amount 
of nitrate leaving the area. 
Bower and Wilcox (I969) reported that over a 30-year 
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period (193^-1963)• when the application of N fertilizers to 
three irrigated areas adjacent to the upper Rio Grande River 
increased from very low to very high levels, the overall 
NO^-N concentration of the river did not increase, indicating 
no significant stream pollution by NO^-N from applied N fer­
tilizers. On the other hand, Dawes et al. (I969) stated that 
in 1967-1968, 44.7# of the N in the upper Sangemon River in 
Illinois was due to fertilizers while it had been only 6.6#, 
during 1956-1961. 
Nightingale (1970) reported that during 1950 to I967 the 
nitrate content of well water from Fresno, California showed 
a greater increase in an agricultural zone than in the urban 
zone. He stated, however, that the nitrate content of ground 
water beneath the urban zone averaged about 40^ greater than 
beneath the surrounding agricultural zone. His survey shows 
that over the 18-year period, the urban zone well water in­
creased from 10.4 to l6.4 mg NO^-N/liter, whereas the agricul­
tural zone well water increased from 5-5 to 10.8 mg NO^-N/ 
liter. 
Using Kohl et al. (1971) found that at the time of 
high NO^ concentration in tile drain water in the spring, 55 to 
60^ of the N in the field tile drain water had originated from 
fertilizers. Erickson and Ellis (I97I) reported that of 
the 35 lb N/A applied on a clay loam soil under sugar beets 
and beans was lost in drainage water. Working with continuous 
com plots on different soil types where N was applied annually 
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for 6 to 20 years, Linville and Smith (1971) concluded that 
additions of N at rates exceeding that removed by crops in­
creased the potential for downward movement of nitrate. Lunt 
(1971) stated that although denitrification generally keeps 
nitrate concentrations of streams at low levels, some studies 
show 50% or more of applied fertilizer N was in the drainage 
water. Calvert and Phung (1971) reported that in citrus plots 
the drainage effluent contained 35% of the applied N in plots 
receiving no tillage or lime on the surface. They found that 
deep tillage reduced this to 15% of the applied N, and when no 
lime was applied it was further reduced to 10%. They pointed out 
that submerged drain lines had lower N concentrations than did 
open lines. Minshall et al. (1969) found that in southwestern 
Wisconsin the total annual N in the base flow was 1/4 of that 
lost in the surface runoff. 
Whether fertilizers help increase water pollution or not, 
a complete ban on N fertilizer use would cause serious food 
and other agricultural products shortages in the wake of a 
continuous increase in world population. Viets (1970) has 
elaborated on this subject as follows: 
Economic studies have shown that under present conditions 
of plentiful food supply and inelastic demand, a 1% in­
crease in production of all food would require a drop of 
^.5% in the market price before the extra supply would be 
used. For specific commodities, the percentage drop in 
price required to bear an additional 1% increase in pro­
duction consumed is Z.5% for wheat, Z.^% for milk, 5% for 
potatoes, and 2,5% for grains. If you can go up a curve, 
you can go down it over a valid range. Hence, a 1% drop 
in wheat production would result in an average increase 
of 2.3# in price, a 33% reduction in production would 
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result in an increase of 82.5?^ (33x2.5) in price. How­
ever, such a drop in production would have an elastic 
consumption-price relationship rather than an inelastic 
one which people have become accustomed to in their 
present situation. The increase in price would be much 
greater than the 83^ calculated, barring an increase in 
imports. In spite of present abundance of food there are 
several million people who are sub- or malnourished. Who 
wants to pay such a price for pure water when there is a 
serious doubt that a prohibition on fertilizer use would 
accomplish any improvement on water quality? Obviously, 
a ban on fertilizer use is not a possible solution. In 
spite of all the interest in water pollution, Harris and 
Gallup polls concluded in I969 that the average citizen 
is not willing to pay much out of his own pocket for 
control. 
C. Fraction of Applied Nitrogen Used by the Crop 
The ability of a crop to take up N depends upon the crop 
species and upon environmental factors. Using techniques 
and applying 134 kg N/ha/yr as NH^^NO^. Owens (i960) reported 
that over a period of 2 years, com crops recovered 15 to 24^ 
of the applied N. Lunt (1971) found that a com crop recovered 
71^ of the N applied as urea when the soil received 22 inches 
of water. But when the soil received 40 inches of water, only 
47^ of the N was recovered by the com crop. With 50 lb N/A 
Broadbent and Nakashima (I968) reported an uptake of 35 to 75% 
of the applied N by four different crops. Zamyatina et al. 
(1972) found coefficients of utilization of 12.6 to 71% for N 
from NHji^NO^ labelled with by barley crops in some Soviet 
soils during a 4-year experiment. Ashley et al. (I965) re­
ported that the percent applied N recovered in forage decreased 
as the rate of N applied increased. Parr (1973) stated that 
9 
since the point of greatest economic return is usually some­
where below the point of maximum yield, it should be possible 
to adjust fertilizer N rates for maximum return and minimum 
loss to the environment. 
Nelson and Hauck (I965) list the possible ways to improve 
N recovery by crops as follows: 
1. Developing compounds that release N slowly because 
of their limited water solubility or slow rate of degra­
dation. In such compounds, the amount of surface area 
exposed determines the rate of dissolution. Varying the 
particle size thus can vary the rate of release, with 
large particles releasing their nitrogen most slowly. 
2. Coating soluble N compounds with some material that 
will delay release or slow the rate of release. Slow and 
delayed release is achieved by; (a) water vapor entering 
through the coating until internal salt solution pressure 
is sufficient to break the coating; (b) controlled or 
inhibited movement of dissolved salts through long pores 
in the coatings; and (c) degradation of the coating 
through microbial action. 
3. Increasing nitrogen efficiency through the develop­
ment of nitrification inhibitors. 
4. Making the supply of N available to crops coincide 
with its rate and pattern of seasonal uptake, with none 
left over in the soil for subsequent loss. 
5. Devising a nitrogen fertilizer in which the release 
pattern can be made to coincide with crop demand pattern. 
6. Considering the residual N and the amount of N re­
leased from organic matter during the growing period. 
D. Gaseous Losses of Nitrogen from the Soil 
A substantial fraction of applied nitrogen is reported to 
be lost by denitrification. In a 2-year period of lysimetric 
study with techniques and application of 1^4 kg/h^/yr of N 
10 
as NHj^NC^, Owens (i960) reported a 33?^ loss by denitrification 
from com plots. Stefanson (1972) found that in the presence 
of plants, Ng was evolved preferentially, while in the absence 
of plants, NgO accounted for most of the soil N loss. He re­
ported that this trend was more pronounced with crop soils 
than with pasture soils. By measuring pore space relation­
ships he found that potential Og diffusion pathways were more 
restricted in crop soil than in pasture soil. He indicated 
that the plant had a twofold effect on soil denitrification; 
first by increasing the demand for oxygen and second by supply­
ing easily decomposed organic matter. Kimble et al. (1972) 
showed that denitrification potential was greater in soils from 
manure treated plots than plots receiving inorganic N or no N. 
They reported that the amount of denitrification decreased with 
depth to 96 cm, below which energy for microbial activity ap­
peared to be limiting. Their laboratory analysis of the pro­
file samples indicated decreasing NO^NtCl ratios at all depths 
from fall to spring, suggesting that denitrification rather 
than leaching was responsible for a significant portion of 
NO^ loss during this period. In a laboratory study, Corey 
et al. (1967) found that no nitrate was lost from a soil column 
at a water flow velocity of I.32 cm/hr, but 21^ of the added 
NO^ was lost at 0.11 cm/hr. They reported that at a flow 
velocity of 0.11 cm/hr and sucrose concentration of 0, 50 and 
200 ppm, the losses of nitrate amounted to 21, 21 and 67%, 
respectively, of the total added. 
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Using an electrolytic respiroraeter, Myers and McGarity 
(1972) studied the effects of Og, moisture and glucose on de-
nitrification in undisturbed cores from a soIodized solonetz 
B horizon. They concluded that under their experimental con­
ditions, nitrous oxide present after 1# hours was a reasonable 
index of total denitrification, and reported that nitrous oxide 
evolution was positively correlated with moisture and quantity 
of added glucose and negatively correlated with percent Og. 
They found that with glucose present, denitrification proceeded 
at high Og and moderate moisture levels, but was most rapid at 
low Og and high moisture. At low Og content, denitrification 
increased with increasing water content. They indicated that 
with high potential denitrifying activity, denitrification 
could occur under field conditions at moderate aeration and 
moderately high moisture contents. 
Allison (1963) listed the chief chemical mechanisms by 
which gaseous losses of nitrogen might occur as (a) chemical 
decomposition of nitrous acid; (b) Van Slyke reaction, which 
is defined as the reaction between nitrous acid and a-amino 
acids only, with nitrogen gas as an end product; and (c) the 
formation and decomposition of ammonium nitrite, in which the 
mechanism of nitrogen loss is shown to be distinctly different 
from the Van Slyke reaction. Allison (I963) considers the 
last reaction to be the major channel of gaseous N loss apart 
from ammonia volatilization and biological denitrification. 
He indicates that the soil conditions under which NHji^NOg can be 
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expected to form and persist at least for a time are: (a) 
where anhydrous ammonia, urea, or ammonium salts are added in 
band application or otherwise in sufficient amounts to result 
in retardation, at least locally, in nitrate formation; 
(b) where a large amount of fresh nitrogenous organic matter 
is added, especially if not immediately mixed with the soil; 
and (c) where reduced forms of N are added to moderately acid 
sandy soils and nitrite oxidation is delayed. 
Peterson and Vetter (1971) stated that in the Panhandle 
region of Nebraska gaseous loss of N is of greater consequence 
than is leaching loss and that N loss in the form of NH^ gas 
would be more likely than loss by denitrification. Chao and 
Kroontje (1964) found a linear relationship between the rate 
of NH^ applied (up to 600 ppm) and NH^ volatilization. They 
reported that there was a proportionality between NH^ losses 
from finer textured soils and the original soil pH values. 
Meyer et al. (1961) found low efficiency of surface applied N, 
especially when broadcasting was done in the fall. Their 
laboratory and greenhouse experiments showed a substantial 
ammonia evolution from fertilized soil, particularly with 
neutral to alkaline soil reactions, with surface application 
of fertilizer and limited moisture. They reported greatest 
losses with urea and urea containing material among the N salts 
they studied. Terman and Hunt (1964) found high losses of N 
from granular urea, surface applied to fine sandy loam limed 
to pH 6.2 and 7.5 and to a silty clay loam (pH 8.2). They 
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presumed that the loss was as NH^ gas. They reported severe 
losses of N with surface applied ammonium sulfate and di-
ammonium phosphate, especially from a naturally calcareous 
Webster soil. With soils with pH of 6.2 to 8.2 they obtained 
the maximum recoveries of N from monoammonium phosphate, 
NH^NO^, ammonium phosphate-nitrate and ammonium polyphosphate. 
They explained the differences in losses of N as NH^ among N 
fertilizers in terms of urea hydrolysis, or the reaction of 
certain acid radicals of ammonium salts with calcium compounds 
in the soil. 
Zamyatina et al. (1972) reported a 20^ loss of N in 
gaseous form from light-textured soils during a 3-year exper-
ment. Volk (1959) reported that the average losses of N as 
NH^ were ZO.Sfo and 29.3^ for pelleted and crystal urea, respec­
tively, during 7 days following applications of 100 lb of urea 
N on turf. He found that the average loss following an equiva­
lent application of NH^NO^ was 0.30 while an application of a 
solution containing 16.^% urea and 15»55^ ammonium nitrate, re­
sulted in a 11.50 loss of the applied N. Volk also reported 
that volatile loss of N during 7 days following surface 
application of pellet urea to moist, bare soil in field and 
laboratory tests ranged from 17 to 590 for acid soils with a 
cation exchange capacity of 7.2 mg/100 g or less, while 
losses from (NH^)2S0^ were usually less than 10. He indicated 
that losses from urea-NH^NO^ solution were much lower than 
from pelleted urea, unless the exchange capacity was low and 
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the pH relatively high. He found that a temperature of 
or low soil moisture, approaching the air dry condition, 
markedly retarded NH^ loss; but as little as Ifo moisture in 
the lightest soil, or a 60°F temperature gave a significant 
NH^ evolution. Volk (1959) also indicated that NH^ evolution 
was largely complete in 7 days if moisture and temperature 
were not limiting. Sukov (1972) reported that losses of 
from soil-plant systems occurred mainly in the first 3 weeks 
after application of (^^NH^)2S0^, or C0(^^NH2)2' 
E. Nitrogen Application Affecting Movement and 
Accumulation of Applied Nitrogen in the Soil Profile 
Applied nitrogen, if not absorbed by the crop or lost to 
the atmosphere, has to remain or migrate down the profile de­
pending upon conditions prevailing. In a 2-year study of 
application of N, Black and Rossweight (1972) found that by 
the end of the first year the NO^-N was concentrated in the 
upper 3 feet of the soil and by the end of the second year this 
concentration was in the upper 5 feet. Sommerfeldt and Smith 
(1973) applied 3776 kg N/ha over a 4-year period in a native 
grassland and found that the NO^-N had accumulated to a depth 
of 90-120 cm in the profile. They reported that no NO^ had 
accumulated in the profile two years after a single application 
of 944 kg N/ha. Application of 944 kg N/ha/yr, for 6 consecu­
tive years, they indicated, caused considerable movement of 
NO^ down to 180 cm in the soil profile. Linville and Smith 
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(1971) found no evidence of NO^-N movement "beyond a depth of 
224 cm (8 ft) in Missouri soils when NH/^NO^ was applied to 
continuous corn plots at rates of 124 and 134 kg N/ha annually 
for 6 and 7 years on 4 soil types and for 20 years on one soil 
type. They reported that a large accumulation of nitrate had 
occurred when 168 or more kg N/ha was applied annually. They 
found there was slight nitrate leaching beyond 224 cm of soil 
when 168 or 228 kg N/ha was applied to silty clay loam soils. 
Linville and Smith further indicated that a silt loam soil had 
a deeper accumulation of nitrate from applied N than did silty 
clay loam soils, and that losses by leaching and/or denitrifi-
cation from a loam profile appeared to have been substantial 
regardless of the amount of N applied. Larson et al. (1971) 
applied 298 kg N/ha annually for 15 years to a clay soil under 
bromegrass and found that the highest NO^ concentrations were 
between the 15.2-I6 cm depths of the soil and notable concen­
trations were down to around the 90 cm depth of the profile. 
Herron et al. (I968) stated that in Nebraska leaching of NO^-N 
beyond 180 cm became important only when the soil profile was 
inherently high in NO^-N and where high rates of N fertilizer 
had been applied to the corn crop. In a 3-year experiment 
Golubev and Medvedev (1972) found that nitrate occurred at a 
depth of 40 to 50 cm in the spring following application of 
NH^NO^ under the plow in a dry autumn, but after the applica­
tion in a wet autumn NO^ occurred below 100 cm of the soil. 
They reported that during the vegetative period of com, NO^ 
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applied in the wet autumn moved upward with ascending soil 
moisture in the following July and August months. 
Genson (1972) found that when 17.4 inches of rainfall was 
received within a 20-day period following N application (100 
and 300 lb N/A), most of the NO^-N present was leached beyond 
a depth of 5»5 feet in a loamy sand. He reported that after 
10 weeks, during which 22.1 inches of rainfall and irrigation 
water was received, all of the NO^-N had been removed to a 
depth of 10 feet. Genson also indicated that NO^ movement was 
slower in a silt loam with little of it beyond a depth of 2 
feet where 20A inches of rainfall fell during a 4 months 
period between application of N and crop harvest. He pointed 
out, however, that samples taken 3 weeks after harvest revealed 
some accumulation of NO^-N at a depth of 36 to 42 inches in all 
soil types where 3OO lb N/A was applied at seeding time. Bos-
well and Anderson (1970) obtained the following data after 
applying KNO^ to two soil types; 
Soil type 
Week after 
application 
Rainfall 
(cm) 
fc N 
recovery 
Davidson Fallow 10 29 78 
clay 50 154 53 
Cropped 10 29 89 
50 154 49 
Marbbolo Fallow 5 12 109 
loamy sand 46 124 33 
Cropped 5 12 119 
46 124 25 
They indicated that with the clay soil, even with exten­
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sive rainfall, most of the N recovered 11 to 12 months after 
application was concentrated in the 46 to 122 cm depth with 
the largest accumulation in the 6l to 91 cm layer. 
F. Residual Nitrogen 
Depending upon the rate and type of fertilizer used, 
almost any fertilizer will have a residual effect for the 
next cropping season. The extent of residual nitrogen would 
be affecte^ by the climate and cultural practices. Preserva­
tion and recovery of this residual amount by succeeding crops 
is of vital importance not only from the economical standpoint 
but more for the sake of environmental preservation. 
Working with four different crops, Broadbent and Nakashima 
(1968) found the residual N after the year of application 
ranged from 18 to and its availability decreased with suc­
cessive crops, van der Paauw (19^3) reported that in the mod­
erate marine climate of The Netherlands, the annual residual 
effect of fertilizer N applied in the preceding year on nine 
experimental fields for 13 years varied between zero and 1?^ 
of the effect of the same amount of freshly applied N. The 
average carryover effect in 162 experiments was $.6%, He also 
reported this residual effect depended upon the amount of 
rainfall in the months of November and February and tended 
toward zero in very wet winters. White and Pesek (1959) found 
that the residual N in com experimental plots were chiefly in 
the form of nitrate in the 6 to 21 inch layer. They reported 
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that as much as 90^ of the total variations in N yield of oats 
was accounted for by multiple regression of nitrogen yield on 
nitrate-nitrogen found in 0-6, 6-12, and 12-21 inch layer of 
the soil. Their greenhouse experiments also indicated that 
the residual nitrogen was mainly as nitrate below the plow 
layer. Under irrigated corn, Herron et al. (1971) found that 
at rates of 168 and 252 kg N/ha there were substantial residual 
N gains in the 180 cm of the soil profile with only limited 
loss below that depth in a heavy textured soil. 
Soper and Huang (1963) reported that NO^-N could accumu­
late in nonfallow soil profiles and that relating this residual 
N to a depth of 4 feet with barley yield response to nitrogen 
gave a correlation of r = 0.95- Ashley et al. (I965) reported 
that the amount of N recovered during residual cropping (for­
age) increased directly with the rate of N. 
Gass et al. (1971) used a tracer technique to evaluate 
crop recovery of residual inorganic K by placing labeled 
nitrate at 9, 60, 120 and 180 cm depths in plots of corn con­
taining 409, 468 and 582 kg inorganic N per hectare in a 180 cm 
profile. They reported that at early silk stage no labeled 
nitrate was extracted from soils at depths below 120 cm regard­
less of residual N level, and that the nitrate was absorbed at 
the blister stage from a depth of 180 cm in soil containing 
the lowest amount of residual N. They found that in soils with 
the highest level of residual N, little nitrate was recovered 
at depths below 120 cm. At harvest more derived from the 
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upper soil profile was found in the stover than in the grain, 
while the grain contained considerably more from the middle 
and lower profile which would be related to the later period 
of uptake. 
G. Relationship of Nitrogen and Moisture in the Soil 
Most of the nitrogen in an arable soil has to be in the 
form of nitrate before it can be used by the plant. Nitrate is 
completely soluble and mobile in and with water. On the other 
hand, the moisture status of the soil is one of the most im­
portant factors controlling nitrogen transformations, avail­
ability to plants, and loss from the soil complex. 
The extent of nitrate movement through the soil profile 
is directly related to the amount of water applied at one time. 
Shaw (1962) reported that about 30 cm of rain was required to 
remove an application of 1^4 kg NO^-N/ha from the surface 15 cm 
of a sandy soil. He found that an additional 20 cm of rain 
moved of the added nitrate down to 30 to 45 cm layer. 
Bolton et al. (1970) found that the amount of water that flowed 
through the soil was the predominant factor influencing N 
losses in three cropping systems. They reported that in some 
seasons more than 30 kg N/ha was lost in the effluent. Com 
plots with the highest effluent flow lost the most nitrogen 
followed by corn-oats-alfalfa rotation and bluegrass sod plots. 
Bingham et al. (1971) reported that the effluent losses from 
a 960 acre watershed under citrus orchard was 40 to 50^ of 
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water entering the watershed. They found that the effluent 
waters ranged up to 8? mg NOy'liter and averaged 50 to 60 mg 
NOy^liter. They pointed out that a survey of other irrigated 
lands had shown NO^ losses comparable to their findings. 
Carter et al. (1971) found that return flow from a 202,700 
acre tract of calcareous irrigated soils increased the down­
stream NO^-N load. They indicated that under existing water 
management practices, 50?^ of the total input water returned 
to the river as subsurface drainage dumping 30 lb NO^-N/A 
in the river. 
Excess soil moisture creates an anaerobic environment, 
thus, inducing denitrification. Adriano et al. (1972) found 
that the NO^ concentration in the unsaturated zone of an alluvi­
al soil increased with an increase in N rates, but was inverse­
ly related to the leaching volume. They assumed that deni­
trification was the cause of the high N losses with high 
irrigation. They concluded that high rates of N combined with 
high levels of water use were conducive to denitrification in 
relatively permeable soils. . They reported that N losses 
through denitrification plus net N immobilization amounted 
from 18.3 to 67.7# of the applied N. 
Meek et al. (1970) drained soil columns 300 cm long to 
depths of 180, 240, or 300 cm with the water table at 175 cm. 
After adding NH^NO^ and irrigating, they found that the peak 
in nitrate concentration moved downward to 160 cm depth, but 
nitrate concentration decreased at 180 cm and almost dis-
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appeared at 240 and ]00 cm depths. The soil solution at 180 
cm contained an average of 5-2 ppm NO^-N and a maximum of 
16 ppm. In contrast, they reported the solution at 240 or 
300 cm which had passed through a submerged zone of 65 or 
125 cm, averaged O.5 ppm NO^-N with a maximum of 1.1 ppm. 
Corey et al. (I967) found there was no denitrification 
loss from a soil column at water flow velocity of 1.32 cm/ 
hour, but 21^ of the added N was lost at 0.11 cny^hr. They 
indicated that there was a net gain in nitrate under unsatu­
rated flow conditions. Meek et al. (I969) increased the water 
content of a soil having a water saturation percentage of 
41% to 44.5/S or above and noticed large losses of Ng gas both 
with and without addition of organic matter. They found that 
in an irrigated field the nitrate concentration was high near 
the surface but decreased at depths approaching the water 
table. They reported that only 1.50 of the 280 kg N/ha 
applied to a cotton crop was discharged in tile effluent dur­
ing the growing season and concluded that denitrification in 
the soil profile had apparently reduced the amount of nitrate 
reaching the tile drainage system. 
The range of soil moisture between field capacity and 
wilting point is favorable for nitrification. Miller and 
Johnson (1964) reported that maximum nitrification occurred 
at a tension of O.50 to O.15 bar during incubation of four 
soils. Sabey and Johnson (1971) found that the NO^-N accumu­
lation rates were greatest at 0.05 and 0.1 bar, and at O.33, 
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0.5. If 5» and 15 "bar, NO^-N accumulation rates were 63, 5I» 
40, 10, and 14^, respectively, of the rates of 0.05 and 0.1 
bar. They reported that there was very little accumulation 
of NO^-N in saturated soil. Reichman et ai. (I966) found 
that aramonification and nitrification of soil N in samples of 
a Chestnut and a Chernozem soil were almost directly propor­
tional to soil water content at suctions between 0.2 and 0.I5 
bar. Prasad and Rajale (1972) found that urea was mineralized 
and fairly well conserved at field capacity or under continu­
ous flooding but was rapidly lost under alternate flooding 
and drying. Dawes et al. (I969) reported that the N losses 
were 10 and 250, respectively, from areas ponded 5 and 10 days. 
They indicated that ponding more than 10 days "caused nitrate 
and nitrite losses one way or the other". 
Proper ratio of soil moisture and nitrogen supplies is 
important in achieving maximum yield and better quality of 
crops. Proper moisture and nitrogen levels also improve each 
other's use efficiency. Ramig and Rhoades (I963) conducted 
a 3-year field experiment with winter wheat and reported that 
continuously cropped low nitrogen soils that receive 12 inches 
of October to June rainfall produced maximum yields of wheat if 
20 lb of fertilizer N per acre was applied for every 2.5 to 3»0 
inches of preplanting available soil moisture in the top 6 feet 
of the soil profile. They indicated that 1 to 2 inches more 
water was removed from the 6-feet soil profile when N was 
applied to plots that had 3 or more inches of preplanting soil 
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moisture than when no N was applied. They reported that this 
additional water was extracted at tensions greater than 15 
atmospheres. They also found that N recovery increased from 
30 to as available soil moisture increased from zero to 8 
inches. Olson et al. (1964) stated that judicious fertilizer 
use increased water use efficiency by an average of 29fo in 
grain crops produced under Nebraska conditions, and that these 
increases were almost in proportion to yield response from 
fertilizer. They indicated that delayed time for nitrogen 
application resulted in maximum efficiency in water utiliza­
tion. According to Olson et al. (I96I) fertilizer N, where 
needed for optimum yield, would usually increase slightly 
the total water used by crops, and the water required in making 
this optimum yield would be used a great deal more efficiently 
than when N was omitted. Ashley et al. (I965) reported that 
the recovery of N by warm-season grasses increased with irriga­
tion during low periods of rainfall. 
H. Slow-Release N Fertilizers 
and Nitrification Retarders 
Considerable research has been conducted on the effects of 
slow-release N fertilizers and nitrification retarders on effi­
ciency of applied nitrogen. A comprehensive review of this 
subject is given by Prasad et al. (I97I). 
Genson (1972) found that com and oats had higher yields 
with sulfur-coated urea (SOU) than with urea or ammonium ni-
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trate sulfate. He reported that N recovery from SCU was 
better than twice that from the soluble N materials used. 
Lunt (1971) reported that under high leaching conditions, N 
recovery by a com crop was as much as elevenfold higher from 
SCU than from urea. Terman and Hunt (1964) found a reduction 
in gaseous N losses from soils with 6.2 to 8.2 pH values where 
SCU or urea ammonium phosphate was applied than where urea 
was used. 
Prasad and Rajale (1972) found that denitrification losses 
were reduced by nitrification inhibitors and that oximide, 
isobutylidine diurea, and SCU were as effective as the inhibi­
tors in reducing losses under alternate flooding and drying. 
Heilman et al. (I966) reported that resin coated NH^NO^ was 
more efficient than noncoated NH^NO^ at the same rates in in­
creasing forage yield and N content of blue panic grass. They 
stated that by controlling fertilizer dissolution the resinous 
membrane reduced N leaching. Snyder and Ozaki (1971) found 
that sulfur coating protected urea and KCl from leaching, but 
the release rates for these materials appeared too slow for a 
short term crop like beans. They reported that a water re­
pellent soil mulch significantly reduces N and K leaching, 
approaching or equalling the protection offered by plastic 
strip mulch. 
Nommik and Popovic (1971) analyzed the field laid vegeta­
tion litter and soil 4 times during the year after fertilizer 
application to a 90 year old stand of pine and reported a 
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recovery of 231 63, and 76^ of N from Ca.ilfl0j)2i (NH^)2S02|^, 
and urea, respectively. They found that urea was the least 
mobile and tended to accumulate in the litter and humus. 
Kimble et al. (1972) reported that more NO^ was lost by leach­
ing when N was applied as NH^NO^ than when applied as dairy 
manure on a continuous com crop. 
I. Some Other Factors and Practices 
Influencing Applied N Efficiency 
Soil texture seems to have a great effect on the movement 
and transformation of applied nitrogen. Olson et al. (I96I) 
stated: 
Nitrate losses by leaching are serious in sandy soils 
of low water holding capacity and with irrigation. 
Strong circumstantial evidences also suggest denitrifi-
cation of nitrate leached into the subsoil of some fine-
textured soil types and resultant escape of elemental 
N gas. 
Boswell and Anderson (I97O) found that nitrogen movement in a 
loamy sand surface soil and subsoil was considerably greater 
than in a clay soil. Linville and Smith (1971) reported that 
nitrate accumulation and losses by leaching and/or denitrifi-
cation were related to soil texture. Their work was on con­
tinuous com plots on different soil types where N was applied 
for 6 to 20 years. Jones (1939) found that 50fo of the added 
nitrogen was lost from a sandy loam and 40^ from a loamy sand 
when summer legumes were turned over in the fall. Morgan and 
Street (1939) found that it took 0.95 acre inch of drainage 
water to leach 50fo of nitrate nitrogen residue from sandy 
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soils and 1.40 acre inches from loamy sand soils. 
Efficiency of crops to utilize applied nitrogen differ 
among the species. The extent of root system seems to be of 
vital importance in the ability of crops to use up nitrogen 
and prevent nitrogen leaching below the root zone. Olson et 
al. (1970) suggested that one of the most effective ways to 
limit the amount of NO^-N passing through the soil profile to 
the water table would be by reducing the acreage and frequency 
of corn or other crops that receive fertilizer N in the rota­
tion, and maintaining a crop cover on the land as much of the 
time as feasible. Jones (1939) reported that growing oats 
after turning over summer legumes reduced the added N loss 
from 60^ in a sandy loam to a small percentage. Seim et al. 
(1972) reported that a "modest" amount of mineral N accumulated 
in the profile under irrigated com in contrast with native 
meadow. They found that alfalfa fields contained intermediate 
quantities of N between that of meadow and irrigated corn. 
They indicated that the alfalfa crop represented an effective 
"sponge" for soaking up mineral N that accumulated below the 
rooting depth of com and other annual crops. They reported 
also that in irrigated land the lower 2/5 of the profile above 
a water table had decidedly greater N under com than under 
pasture and assumed that some N had gone through to the ground 
water. Khrutskaya (1971) reported that in a 7-year experiment 
the accumulation of mobile N was greatest under row crops and 
found that NO^-N predominated under these crops while NH^-N 
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predominated under pasture. 
After all, as is indicated in some of the above references, 
the rate of N remains the big factor to consider to prevent 
water pollution. Olson et al. (1970) indicated that annual 
applications of more than 168 kg N/ha for 3 years or more on a 
silt loam under continuous com under Wisconsin conditions 
might be considered a potential hazard in pollution of under­
ground water. Nightingale (1972) found a positive correlation 
between N fertilizer rates and NO^ concentrations in the soil 
solution below the root zone (7.24 m). However, he indicated 
that the projected concentration of NO^-N in ground water was 
relatively low and that there would be no harmful effects from 
a health standpoint if the conventional fertilizer practices 
were continued. He noted that, since NO^-N will be lost below 
the root zone if applied far in excess of crop needs, "increas­
ing N fertilizer use efficiency to prevent losses to the ground 
water is a worthwhile goal." 
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III. MATERIALS AND METHODS 
/ 
A. Field Experimental Sites 
1. Western Iowa Experimental Farm 
This farm is located near Cast ana, Iowa. The soil type is 
a Napier silt loam (Cumulic Hapludoll), with 2 percent slope 
and 1 degree erosion. This soil was formerly classified as a 
Brunizem soil. The surface soil is very dark in color and 
the subsoil is dark brown to yellowish brown and is moderately 
permeable. The substratum is silt loam colluvium. The original 
vegetation was prairie and the land position is described as 
an alluvial fan. Natural internal drainage is considered good 
and plant available moisture holding capacity is high. The 
average soil nitrogen availability for this soil type is low 
to medium, available phosphorus is very low to low, and avail­
able potassium is medium to high. Com yield potential for 
this soil is estimated as 90 bu/A and the land is classified 
as He under land capability classification. 
2. Agronomy Experimental Farm 
This experimental farm is located about 8 miles west of 
the Iowa State University campus in Ames. The soil type is a 
Webster clay loam (Typic Haplaquoll) formerly classified in 
the Humic Gley great soil group. It has a 2 percent slope and 
1 degree of erosion. The land position is upland flat with 
glacial till and reworked till parent material. The original 
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vegetation was prairie and the natural internal drainage is 
poor. Plant available water holding capacity down to 5 feet 
is high. The surface soil is black and the subsurface is loam 
to clay loam with gray color and moderate permeability. The 
average soil nitrogen content for this soil type is low to 
medium, available phosphorus is very low to low and available 
potassium is very low to medium. Corn yield potential for this 
soil is estimated as 91 bu/A and the land is classified as IIw 
in the land capability classification. 
B. Experimental Design and Fertility Practices 
1. Western Iowa Experimental Farm 
These plots were established in 195^ to study the con­
tribution of a legume meadow to the succeeding com crop and 
to evaluate the residual effects of nitrogen from previous 
nitrogen fertilizer applications. The progress of this ex­
periment up to 1969 was reported by the Cooperative Extension 
Service of Iowa State University (1970). The experimental de­
sign was a split plot with cropping as the main plots and 
nitrogen rates as subplots as shown in Figure 1, There were 
two replications in the experiment. Main plots were 160 feet 
long and 20 feet wide. Each subplot was 40 feet long and 20 
feet wide. Com, oats and brome-alfalfa meadow were grown in 
the COM rotation of the experiment. The rest of the plots 
were in continuous com. Table 1 shows the cropping practices, 
the years when the plots received nitrogen fertilizer 
Figure 1. Nitrogen experiment plot layout at the Western Iowa Experimental Farm 
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Table 1, Fertilization pattern of the nitrogen experiment on the Western Iowa 
Experimental Farm 
Fertilizer N applied (lb/A) 
Treatment number 
2 
Year ABCD ABCD ABCD 
Corn-oats-meadow 
1954 0 20 40 80 
1955 0 20 40 80 
1956 0 20 40 80 
1957 0 20 40 80 
1958 0 20 40 80 
1959 0 20 40 80 
1960 0 20 40 80 
1961 0 20 40 80 
1962 0 20 40 80 
1963 0 20 40 80 
1964 0 20 40 80 
1965 0 20 40 80 
1966 0 20 40 80 
1967 0 20 40 80 
1968 0 20 40 80 
1969 0 20 40 80 
1970 0 40 80 160 
1971 0 40 80 160 
1972 0 40 80 160 
Total 0 160 320 640 0 140 280 56O 0 140 280 56O 
Table 1. (Continued) 
Fertilizer N applied (lb/A) 
Year 
Treatment number 
A 0 D E A c  D E A C D E A F G H 
Continuous com 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 40 80 160 0 40 80 160 
0 80 160 320 0 80 160 320 
0 80 160 320 0 80 160 320 
0 80 160 320 0 80 160 320 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
Total 0 320 640 1280 0 280 560 1120 0 280 56O 1120 0 880 I96O 3520 
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treatments, and the total amounts of fertilizer nitrogen 
applied. Nitrogen fertilizer was applied every third year for 
the com crop in the COM rotation, treatments 1, 2, and 3« 
Prior to 1970, the rotation com crop received 0, 20, 40, and 
80 lb N/A. Starting in 1970. the rates were changed to 0, 40, 
80, and 160 lb N/A. Three of the main plots with continuous 
com, treatments 4, 5» and 6, received nitrogen fertilizer 
every third year and one of the main plots, also with con­
tinuous com, treatment 7, received nitrogen fertilizer every 
year. The rates on all continuous corn plots were 0, 40, 80, 
and 160 lb N/A prior to 1970 and 0, 80, 160, and 320 lb N/A 
thereafter. The source of nitrogen was NH^^NO^. Sufficient 
quantities of phosphorus and potassium were added to all plots 
prior to 1970 and beginning in 1970 all plots received I50 lb 
PgOVA as 0-45-0 and I50 lb KgO/A as KCl. 
2. Agronomy Experimental Farm 
This field experiment was started in 1970. Prior to 1970 
the site had been under normal cropping with a rotation of 
corn and other crops common in central Iowa. The experimental 
design was a randomized block with 4 replications of 5 plots 
(treatments) each. Figure 2 shows this layout of the experi­
ment. Replicates I and III received fertilizer N in 1970 and 
1972, and replicates II and IV received fertilizer N in 1971. 
The fertilizer rates were 0, 75» 150, 300, and 600 lb N/A in 
the form of NH^^NO^ for treatments 1 to 5. respectively. All 
Figure 2. Nitrogen experiment plot layout at Agronomy Experimental Farm 
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plots received 200 lb PgOy^A as 0-4^-0 and 200 lb KgO/A as 
KGl in 1970 and 100 lb of each/A in 1971 and in 1972. In 
addition, all plots received 15 lb Zn/A as ZnSC^ each of the 
three years. 
C. Soil Sampling for Laboratory Analyses 
Soil samples from selected corn plots were taken to the 
5 foot depth in 1970, 1971 and 1972, three times a year; i.e., 
just before planting and N application, in July, and at harvest 
time. In some cases soil sampling had to be delayed because 
of too high moisture in the field. Soil samples were taken 
from the 0-0.5 foot and 0.5-1 foot depths and then at 1 foot 
intervals to the 5 foot depth using a hand probe. Deep 
sampling below 5 feet was done on selected plots in May 1971 
and November 1972, using a Gidding hydraulic probe. In the 
May 1971 sampling, each soil sample from the first two depths 
(0-0.5 ft and 0.5-1 ft) consisted of 5 cores per plot and from 
the 1 to 5 foot depths the samples were by 1 foot increments 
and consisted of 3 cores per plot. For deep sampling, 6-20 ft, 
one core per designated plot was taken and separated into 1 
foot segments. In the November 1972 sampling only one core per 
plot was taken from all depths. 
D. Handling the Soil Samples Before Laboratory Analyses 
The composited samples were placed in paper bags with a 
plastic lining and immediately stored in a freezer until the 
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time for further processing. Then the samples were left at 
room temperature for 2-3 hours or until thawed, and immedi­
ately forced through a 5x5 mm screen at their original mois­
ture contents, thoroughly mixed and a portion placed in weigh­
ing can to determine the gravimetric moisture by drying at 
105-110°C for 48 hours. The remaining portion of the sieved 
sample was immediately stored at about and the inorganic 
N content determined within the next 24 hours. 
E. Inorganic Nitrogen Determination 
For the 1970 soil samples, 5 g of moist soil sample and 
20 ml NH^^-free water was placed in a micro-Kjeldahl flask and 
the inorganic nitrogen was determined by a steam distillation 
method using Devarda's alloy and MgO as described by Bremner 
(1965). In the case of 1971 and 1972 soil samples, 2 g of the 
soil and 10 ml of 2 N KCl were used for nitrogen determination 
by the MgO-Devarda's alloy method. The concentrations of in­
organic N in the soils are reported as ppm of inorganic N on 
an oven-dry soil basis. Total pounds of inorganic N per foot 
are calculated by assuming bulk densities of 1.25 and 1.47 and 
multiplying ppm inorganic N times 3.4 for the Napier soil and 
times 4 for the Webster soil, respectively. 
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F. Available Phosphorus, Available Potassium 
and pH values 
These tests were conducted on selected April 1970 soil 
samples from the Agronomy Farm and of selected July 1971 
samples from the Western Iowa Farm by methods described by 
Iowa State Soil Testing Laboratory (I968) as follows: 
1. Phosphorus; An extracting solution of 0.025 N HCl 
and 0.03 N NH^F was used and the phosphorus content . 
determined colorimetrically. 
2. Potassium: A final concentration of 1 N NHj^OAC was 
used as extracting solution and the potassium con­
centration was read on a flame photometer. 
3. pH values: A slurry of 10 g of soil with 20 ml H2O 
mixed with 10 ml buffer solution was used to read 
the pH values. 
The P, K, and pH tests were conducted on the samples 
prior to drying or exposing them to room temperatures for 
a long time. 
6. Com Stover and Grain Samples 
The com plants were harvested after maturity from the 
middle 25 ft section of 2 central rows of each plot in both 
experiments in I97I and 1972. The ears were then separated 
from the stover. 
The stover was weighed and passed through a Behel hammer 
mill forage chopper. This sample was mixed and a subsample 
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of approximately 4 lb was taken for moisture determination. 
After drying at 65°C this sample was passed through a Wiley 
mill and subsampled for total N analysis. 
After shelling and weighing, a one-pint sample of the 
com grain was taken for moisture determination. Drying was 
done at 65°G and the dry sample was ground in a Wiley mill. 
The total nitrogen analyses for the com and stover were con­
ducted by modified Kjeldahl methods outlined by Hanway (I96I). 
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IV. RESUIffS 
The inorganic N concentrations and moisture contents of 
individual soil samples collected in this study and the pH 
values, available P and available K concentrations of parts 
of the samples collected in the spring of 1970 are reported 
in Appendix Tables A-1 to A-4. Crop and N yields are re­
ported in Tables A-5 to A-?. Various analyses of variance 
of the data are reported in Tables A-8 to A-24. Results from 
the Western Iowa Experimental Farm and the Agronomy Farm are 
presented and discussed separately. 
A. Western Iowa Experimental Farm 
Because samplings below the 5 ft depth were much less ex­
tensive than samplings of the 0 to 5 ft depths, the results 
for these different depths are reported separately. 
The inorganic N and moisture data obtained for the depths 
below 5 ft indicated little or no movement of inorganic N or 
moisture into or out of this zone during the 3-year sampling 
period. However, the amounts of inorganic N found in the soil 
samplings at different times from 0 to 3 ft depths were ex­
tremely variable. As will be discussed later, it appeared 
that much of this variability was due to inadequate sampling 
in this heterogeneous soil system. Each sampling consisted of 
a composite of 5 cores per plot from the surface 1 ft and 3 
cores per plot from the 1 to 5 ft depths with 2 replications. 
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Because of the variability, the amounts of inorganic N re­
ported for individual samples cannot be considered with con­
fidence. However, the total amounts present in the 0 to 5 ft 
profile or the average amounts or concentrations at any depth 
over the 3-year sampling period probably are reasonably re­
liable estimates of the amounts of inorganic N present. 
1. Inorganic N in 0-5 ft depths 
A summary of the average total quantities of inorganic N 
in the 0 to 5 ft depths of the plots at different times of 
sampling and of the average inorganic N concentrations at dif­
ferent depths and times are reported in Tables 2 and 3» re­
spectively. It should be remembered that the amounts present 
at the start of this study reflect the effects of the 195^ 
to 1969 applications of N when the rates of application were 
one-half those indicated in Tables 2 and 3« 
a. Continuous com, no fertilizer N applied Data re­
ported in Tables 2 sind 3 for continuous com with no fertilizer 
N applied are the averages of 2 treatments, 5A and 7A, which 
were similar but were sampled at all times. Therefore, the 
average values reported for this treatment are averages of 
twice as many observations as the average values reported for 
other rates of N fertilizer application. Analysis of variance 
(Table 4) indicated no significant differences in inorganic N 
content between replicates, between plots 5A and 7A within a 
replicate, or among years. 
Table 2. Quantities of inorganic nitrogen present in 0 to 5 
ft depth of Napier silt loam under continuous com 
and corn-oat-meadow rotation with different N fer­
tilizer treatments 
C ropping 
system 
CGC 
COM 
fer. N 
Year 
applied 
1970 
Apr Jul Oct 
0° 
— — 52 99 39 
80Ar 1970.1971 57 106 51 
léOÂrr & 1972 125 192 166 
320/yr 445 330 
80/3 yr 1970 55 80 47 
1971 56 71 
45  1972 47 79 
160/3 yr 1970 54 
1971 62 
1972 81 
320/3 yr 1970 56 231 137 
1971 98 98 64 
1972 143 90 72 
0 61 141 117 
^0/3 yr 1970 44 
80/3 y r 1970 48 
1971 
160/3 yr 1970 48 185 
1971 
1Q72 
^Estimates of the inorganic N per acre are based on bulk 
density of 1.25 for Napier silt loam. 
^All plots received one-half the above rates of fertilizer 
N from 1954 through I969. 
^Average of plots 5A and 7A. 
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Inorganic N, Ib/A^ 
1971 1972 
Mean Apr Jul Oct Apr Jul Nov 
87 58 51 46 52 64 60 
133 125 81 101 71 80 89 
281 339 253 240 270 344 246 
439 1047 1012 987 764 633 707 
90 163 65 76 29 76 
69 65 
92 55 73 65 
149 78 77 109 51 86 
118 90 
178 208 375 313 190 156 209 
146 
309 235 347 215 171 193 
56 43 259 175 123 
112 93 110 49 38 90 
143 172 
345 
204 
90 75 149 
101 193 311 134 189 
37 320 116 128 
Table 3» Three-year average of inorganic N concentration in April, July, and 
October at different depths in Napier silt loam under continuous com 
and COM rotation receiving different amounts of fertilizer nitrogen 
Per. N applied Inorfianlc M (ppm) 
(lb/A): 0 80 160 2^ 
Crop- Depth 
ping (ft) Apr Jul Oct Apr Jul Oct Apr Jul Oct Apr Jul Nov 
CGC 0-0.5 8 6 7 8 10 8 16 14 6 17 38 24 
N each 0.5-1 8 6 4 8 7 8 8 29 12 17 84 54 
year 1-2 4 5 if 8 6 5 10 12 8 42 37 29 
2-3 2 5 2 7 7 4 17 13 17 41 48 36 
3-4 3 2 2 4 7 2 16 19 23 41 60 44 
4-5 2 2 1 2 4 0 9 18 18 45 47 37 
Total (lb/A) 65 68 49 96 111 63 217 272 249 66o 832 619 
CCC 0-0.5 10 17 12 
N 0.5-1 7 18 18 
every 1-2 6 12 14 
3rd 2-3 13 8 13 
year 3-4 9 12 13 
4-5 4 8 7 
Total (lb/A) 136 197 211 
COM 0-0.5 7 11 12 13 19 14 
N with 0.5-1 5 10 12 10 62 26 
com 1-2 2 10 7 4 16 14 
crop 2-3 4 4 5 4 7 15 
3-4 2 6 3 3 4 10 
4-5 3 3 1 1 2 2 
Total (lb/A) 58 112 95 82 235 207 
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Table 4. Analysis of variance of inorganic N concentration 
(ppm] in the 0-5 ft depth of Napier silt loam under 
continuous com with no fertilizer N added (plots 
5A and 7A) 
Source df MS F 
Total 179 
Rep 1 8.0 1.43 
Plots 1 3.8 0.68 
Year 2 7.8 1.39 
Month (sampling time) 2 10.7 3.16^ 
Depth 4 115.8 Z0.68** 
Error 169 590.1 
•Significant at 0.05 level. 
••Significant at 0.01 level. 
The total amounts of inorganic N in the 0 to 5 ft depths 
of the treatment varied from 39 to 99 and averaged 60 lb/A. 
The average amounts present were slightly higher in April and 
July, 65 and 68 lb/A, than for October, 49 lb/A. The concen­
tration of inorganic N decreased with depth averaging approxi­
mately 7 ppm in the 0-6 inch depth and less than 2 ppm in the 
4 to 5 ft zone. 
b. Continuous com. N fertilizer applied each year 
The plots in continuous com receiving annual applications of 
80, 160, and 320 lb of fertilizer N per acre had an average of 
89, 246, and 70? lb of inorganic N, respectively, in the 0 to 5 
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ft zone during the 3-year period of this study. This increase 
due to the amount of fertilizer N applied was consistent among 
the times of sampling, but for ainy one rate of fertilizer 
application the amounts of inorganic N in the soil varied 
markedly among the times of sampling and did not consistently 
reflect the effects of fertilizer N applications. The total 
amounts of inorganic N present where 80, 160, and 320 lb of 
nitrogen/A was applied increased from 57. 125. and 445 to 76, 
207, and 698 lb N/A between April 1970 and July-October 1972, 
respectively. However, the increases between these times at 
the beginning and end of the sampling period were not consis­
tent. The variations among times of sampling were much greater 
for those plots where fertilizer N was applied and the inor­
ganic N contents were higher than were the variations for 
plots where no fertilizer N was applied and the inorganic N 
contents were always low. 
The average concentrations of inorganic N in the soil in­
creased consistently as the rate of fertilizer N increased, 
and where the fertilizer N was applied there was generally no 
consistent change in inorganic N concentration with depth in 
the soil. The major exceptions to this were that the inorganic 
N concentration was always low in the 4 to 5 ft depth where 
80 lb N/A was applied and was high in the 6 to 12 inches depth 
in July where I60 lb N/A was applied and in July and October 
where 320 lb N/A was applied. 
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c. Continuous com, N applied every third year Com­
plete samplings were made only of the plots that received 
320 lb N/A every third year and of the plots that received 
80 lb N/A in 1970. The sampling of plots receiving 80 lb N/A 
in 1970 contained an average of 76 lb of inorganic N per acre. 
These amounts of inorganic N present were similar to those 
amounts present where no fertilizer N was applied. Where 320 
lb N/A was applied every third year the average amounts of 
inorganic N in the 0 to 5 ft depth were 209, 193, and 123 lb 
/A due to nitrogen application in 1970, 1971» and 1972, re­
spectively. Part of this variation was due to the fact that 
data prior to the application of 320 lb N/A in 1971 and 1972 
were following applications of only I60 lb N/A in I968 and 
1969. 
The average inorganic N concentrations from plots that 
received 320 lb N/A every third year were higher than where 80 
lb N/A was applied annually but lower than where I60 lb N was 
applied annually. The average inorganic N concentration in all 
the plots receiving 320 lb N/A every third year (plots 4E, 5E, 
and 6E) in relation to the time the fertilizer N was applied 
is shown in Table 5» In April prior to the N application the 
concentrations were low and there was an average of only 48 lb 
N/A in the 0 to 5 ft depth. The amount of inorganic N in the 
July sampling of the year N fertilizer was applied consistently 
reflected the effects of the applications of 320 lb of fertil­
izer N following the April samplings. The highest average 
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Table 5» Average inorganic nitrogen concentration in plots 
receiving 320 lb of fertilizer N per acre every 
third year& under continuous com on Napier silt 
loam 
Inorganic N (ppm) 
Year of N 1 year after N 2 years after 
Depth 
(ft) 
application application Tf applicati on 
Apr Jul Oct Apr Jul Oct Apr Jul Oct 
0-0.5 6 39 12 11 6 7 12 6 7 
0.5-1 6 42 39 7 6 6 9 5 4 
1-2 3 21 17 9 6 16 6 8 5 
2-3 3 6 9 16 13 26 19 6 4 
3-4 2 4 6 13 20 12 13 12 3 
4-5 1 7 3 7 6 4 6 10 10 
Total 48 272 214 184 173 224 184 139 92 
(lb/A) 
Average of plots 4E, 5E, and 6E. Data for 2 years after 
application for plot 6E and for 1 and 2 years after applica­
tion for plot 4E are following applications of l60 lb N/A. 
inorganic N concentrations (40 ppm) were found in the top 1 ft 
of soil in July of the year the fertilizer N was applied. With 
time the highest concentration region moved down the profile 
and in November of the third year the highest concentration 
(10 ppm) was at the 4 to 5 ft depth. But in April of the next 
year, just before applying N again, the 4 to 5 ft depth had 
the lowest concentration of inorganic N (1 ppm). 
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d. Com-oat-meadow rotation The COM plots receiving 
no fertilizer N contained from 38 to 141 lb of inorganic N per 
acre in the top 5 ft of soil at different times of sampling and 
contained an average of 90 lb inorganic N per acre as compared 
to an average of 60 lb/A under continuous com where no N fer­
tilizer was applied. In these plots the average inorganic N 
concentrations in the surface 1 or 2 feet were lowest in April 
and highest in July and October. The concentrations in the 4 
to 5 ft depth were always low (1 to 3 ppm). 
Relatively little data were obtained from COM plots that 
received 40 or 80 lb N/A for the com crop. 
The COM plots receiving I60 lb N/A with the com crop had 
an average of 82 lb N/A in the top 5 ft in April before the 
fertilizer was applied and 235 and 20? lb in July and October, 
respectively, in the top 5 feet of soil under com during the 
year the fertilizer N had been applied. In these plots the 
highest average inorganic N concentration (62 ppm) was in the 
0.5 to 1 ft depth and the lowest concentrations (1 to 2 ppm) in 
the 4 to 5 ft depth of the profile. 
2. Inorganic N jji 5-20 ft depth 
The effects of cropping and N fertilization on (a) the 
inorganic N concentrations at different depths between 5 and 
20 ft are shown in Figure 3, and (b) the total amounts of in­
organic N in the 5-20 ft depth are reported in Table 6. Since 
there were no significant differences between the results of 
Figure 3» Inorganic N concentrations (ppm) in the 5-20 ft depth of Napier silt loam 
under corn-oat-meadow rotation and continuous corn receiving different 
levels of fertilizer N during 195^ to I969 (from 1970 to 1972 the plot 
received twice the rate of fertilizer N indicated) 
INORGANIC N,  ppm 
CONTINUQUS CORN 
SOTbN/A/SYrT Check 1601bN/3Yr.  801bN/A/Yr 
r O  5  1 0  0  5 1 0 0  5 1 0  0  5  T O  1 5  2 0  2 5  0  
ex. LLI 
o 
.'n 
Table 6. Inorganic N present at 5-20 ft depth of Napier silt loam under corn-
oat-meadow rotation and continuous corn receiving different fertilizer 
nitrogen treatment from 195^ to 1972 
Fertilizer N applied (Ib/A)^ 
Corn-oat-meadow Continuous corn 
80/3 yr 0 160/3 yr 80/yr l60/yr 
Plot no: ID 2D 3D X 7A 4E 5E 6E X 7G 7H 
Inorganic N at 
5-20 ft (lb/A) 78 68 88 78 112 99 139 360 201 629 830 
^Rates indicated above were during 1954-1969. The plots received twice as much 
fertilizer nitrogen from 1970-1972. 
5^ 
the May 1971 and November 1972 samples in the total amounts 
of inorganic N in the 5-20 ft depth for any of the individual 
treatments, where data were obtained both times, the values 
reported in Figure 3 and Table 6 are averages of the results 
for the two times of sampling. It is assumed that the differ­
ences between treatments in inorganic N contents at these 
depths resulted primarily from treatments applied before 1970. 
Under continuous com where no N fertilizer had been 
applied there was a total of 112 lb of inorganic N per acre in 
the 5-20 ft depth. Concentrations of inorganic N averaged 
2 ppm and never exceeded 4 ppm at any of the depths. 
Under the COM rotation with 80 lb N per acre applied on 
the corn prior to 1970 there was an average total of 78 lb of 
inorganic N per acre in the 5-20 ft depth varying only from 
68 to 88 lb N/A in treatments ID, 2D, and 3D» Concentrations 
of inorganic N averaged slightly more than 1 ppm with no con­
centration at any depth exceeding 3 ppm. These amounts of in­
organic N are not significantly different from those under 
continuous com where no N fertilizer was applied. 
Applications of l60 lb N per acre (prior to 1970) every 
third year on continuous corn resulted in the accumulation of 
different amounts of inorganic N in the 5-20 ft depth depending 
upon the year in which the plots received the N fertilizer 
treatment. On plots 4E and 5E there were 99 and 139 lb of 
inorganic N in the 5-20 ft depth, respectively. The concentra­
tions of inorganic N averaged approximately 2 ppm and never 
55 
exceeded 9 ppm. These amounts of inorganic N are not sig­
nificantly different from the amounts under continuous com 
where no N fertilizer had been applied. However, under plot 
6E there was a total of 360 lb of inorganic N in the 5 to 20 
ft depth which is significantly different from the amounts 
under continuous com where no N fertilizer had been applied. 
The concentration of inorganic N averaged 6 ppm and varied 
from 3 to 16 ppm. As will be discussed later, these plots 
received the N fertilizer application in the two driest years 
(1956 and 1968). 
Applications of 80 lb of fertilizer N per acre each year 
(prior to 1970) on continuous com resulted in a total of 629 
lb of inorganic N in the 5-20 ft depth. Concentrations of 
inorganic N in individual foot segments varied from 2 to 25 
and averaged 10 ppm. 
Applications of I60 lb of fertilizer N per acre each year 
(prior to 1970) on continuous com resulted in a total of 830 
lb of inorganic N per acre in the 5-20 ft depth. Concentra­
tions of inorganic N in the individual foot segments varied 
from 2 to 25 and averaged 14 ppm. Although there was no sig­
nificant difference between the May 1971 and November 1972 
samplings in the total amount of inorganic N present at the 
5-20 ft depth, there was a significant difference (5^ level) 
in the distribution of this N within the depth. 
The inorganic N was distributed throughout the 5-20 ft 
depth. Where there were the largest accumulations of inorganic 
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N in this zone, the concentrations of inorganic N generally, 
but not consistently, decreased with increasing depth. The 
data indicate that there had been movement of inorganic N be­
low the 20 ft depth since, where appreciable amounts of in­
organic N had accumulated between 5 and 20 ft, the inorganic 
N concentrations at the 20 ft depth were higher than where 
there had been very little accumulation of inorganic N. 
3- Soil moisture at 0-5 ft depth 
The soil moisture contents varied among times of sampling 
as reported in Figure 4. Plots under continuous corn with no 
N treatment had the highest moisture content followed by the 
continuous corn plots receiving fertilizer N. The COM rota­
tion plots had the lowest moisture content whether they re­
ceived fertilizer N or not. These differences usually were 
most noticeable below the 1 to 2 ft depth. At sampling times 
when the soil moisture contents were high, the above order 
would not hold true. 
Soil moisture was always high in the surface 2 to 3 ft in 
April, always decreased in July, especially in 1970, and in­
creased in October 1970 and 1972, but not in 1971. 
At the 4-5 ft depth soil moisture was consistently low 
under COM until July of 1972. Under continuous com at the 
4-5 ft depth soil moisture was generally slightly higher where 
no fertilizer N was applied than where the fertilizer N was 
applied. 
Figure 4. Average gravimetric moisture content of Napier 
silt loam in April, July and October of 1970, 1971 
and 1972 at the 0-5 ft depth under continuous com 
with no fertilizer N, continuous com with fertil­
izer N and corn-oat-meadow rotation with and with­
out fertilizer N 
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4. Soil moisture at 5-20 ft depth 
There were no significant differences in soil moisture 
contents between the May 1971 and November 1972 samplings of 
the 5-20 ft depth. The only significant differences in soil 
moisture contents were between the CGC and COM plots. There­
fore, averages of the two times of sampling of the CGC and 
COM plots were used in Figure 5-
All plots had approximately 20^ moisture at the 20 ft 
depth and plots under continuous com had 20^ moisture at the 
5-7 ft depth. All plots had less than 20?S moisture between 
7 and 17 ft depth. COM plots had much lower moisture contents 
at 5-11 ft than did continuous com plots at the same depth. 
Below the 11 ft depth the percentages of moisture under COM 
and continuous com were similar increasing from 16 to 18^ 
at 11 ft to 20^ at 20 ft depth. 
5. Nitrogen content and yield of dry matter in corn stover 
and grain 
Average dry matter yields and percentages and yields of 
nitrogen in corn stover and grain as influenced by cropping 
systems and N fertilizer applications are reported in Table 7» 
These are the averages for the years 1971 and 1972. 
(1) Continuous corn* 
(a) Plots receiving no fertilizer N: The control 
plots had OABfo N in corn stover and 1.17# N in corn grain. 
The average weight of the stover from these plots was 4100 lb/A 
and that of grain was 3040 lb/A on an oven dry basis. The 
Figure 5* Average gravimetric moisture percentage of Napier 
silt loam at 5-20 ft depth under continuous com 
and corn-oat-meadow rotation. Sampling dates 
were May 1971 and November 1972 
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Table ?. Average^ dry matter yields and N contents of com plants as influenced 
by N fertilizer applications, Western Iowa Experimental Farm 
Cropping 
system 
N fertilizer 
application 
(lb N/A) 
Yield of dry matter 
Yield of N (lb/A) (oven dry basis lb/A) % N 
Sto­
ver Grain Total Stover • Grain Total Stover Grain 
20 36 56 4100 3040 7140 0.48 1.17 
48 98 146 5860 658O 12440 0.82 1.49 
50 107 157 5630 6970 12600 0.98 1.54 
93 109 202 5820 6830 12650 1.59 1.60 
30 69 99 4960 5010 9970 0.61 1.38 
46 100 146 5440 6460 11900 0.85 1.54 
56 99 155 5500 6250 11750 1.02 1.59 
23 50 73 4370 4140 8510 0.52 1.21 
26 79 105 4540 5670 10210 0.58 1.39 
37 101 138 5040 6540 11580 0.72 1.54 
18 36 54 3560 3350 6910 0.50 1.08 
26 53 79 4000 4490 8490 0.64 1.19 
47 84 131 5500 6040 11540 0.86 1.39 
24 51 75 4300 4170 8470 0.54 1.23 
33 76 110 4660 5540 10200 0.69 1.37 
47 95 141 5350 6280 11630 0.87 1.51 
35 86 121 4590 6000 10590 0.76 1.44 
57 110 I67 6050 6860 12910 0.95 1.60 
57 108 165 5690 6740 12430 1.00 1.60 
59 105 164 5330 6370 11700 1.10 1.65 
CGC 
COM 
8g/yr 
160/yr 
320/yr 
80/3yr,lst yr 
160/3yr, 1st yr 
320/3yr,lst yr 
80/3yr,2nd yr 
160/3yr,2nd yr 
23P/3yr,2nd yr 
80/3yr,3rd yr 
l60/3yr,3rd yr 
320/3yr,3rd yr 
80/3yr,Av. 
160/3 y r,Av. 
320/3 y r,Av. 
40/3yr 
8d/3yr 
160/3 y r 
^Average of 1971 and 1972. 
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yield of N was $6 lb/A, 20 lb of which were in the stover and 
36 lb in the grain. 
(b) Plots receiving fertilizer N each year: The 
percent N in the stover and in the grain from these plots 
consistently increased with the rate of application of N fer­
tilizer. Where 320 lb N was applied annually both the grain 
and stover contained 1.6% N. The total yield of dry matter 
was increased by the 80 lb N/A application but was not in­
creased further by higher rates of fertilizer application. 
The total yield of nitrogen in the stover and grain consis­
tently increased with increased rates of N application. The 
increase in N yield resulting from applications of 320 lb N/A 
as compared to I60 lb N/A was due to the increase in N yield 
in the stover with no increase in N yield in the grain. 
(c) Plots receiving fertilizer N every third year: 
These plots showed an increase in percent N of the stover and 
grain with the increase in the rate of N application. The 
nitrogen concentrations in the stover and grain were higher 
the first year following N fertilizer applications than the 
second and third year after the N fertilizer applications. 
The N concentration in grain consistently increased with higher 
rates of N application and decreased with years after fertil­
izer N application within a given rate of N application. 
The total yield of dry matter increased with the rate of 
N application up to I60 lb N/A rate after which it leveled off. 
The total dry matter yield declined consistently with the 
64 
years after N application, although this decrease was hot 
significant at the 320 lb N/A rate. 
The yield of stover increased with increased rates of N 
application and generally decreased with years after N appli­
cation, except at 320 lb N/A rate where the third year yield 
was as high as the first year yield. 
The yield of grain increased with N application up to the 
rate of 160 lb N/A in the first year. In the two succeeding 
years the yield of grain consistently increased with rate of 
N application. Within each rate of N application the yield of 
grain decreased with years after N application, except for the 
320 lb N/A application. 
The total yield of nitrogen consistently increased with 
the increase in the rate of fertilizer N application and de­
creased with the years after the treatment within each rate of 
N application. The decrease in N yield with time after the N 
application was much less where 320 lb N/A was applied than 
where less fertilizer N was applied. 
(2) Com-oat-meadow rotation* 
(a) Plots with no fertilizer Ni The COM rotation 
plots which received no fertilizer N had 0.76^ N in the com 
stover and 1.44^ N in the com grain. The total dry matter 
yield was 10590 lb/A which consisted of 4590 lb of stover and 
6000 lb of grain. The total yield of nitrogen was 121 lb/A of 
which 35 lb was in the stover and 86 lb in the grain. 
(b) Plots receiving fertilizer N with the com crop: 
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In these plots the percent nitrogen in the stover and in the 
grain tended to increase as the rate of fertilizer N appli­
cation increased from 40 to 80 to l60 lb N/A. However, the 
yields of dry matter in the grain and stover tended to de­
crease as the rate of N fertilizer increased. 
The total yields of N and the yields of N in the stover 
and in the grain were not significantly different among these 
rates of N fertilizer application. 
B. Agronomy Experimental Farm 
1. Inorganic N test in soil samples 
In this experiment fertilizer nitrogen was applied every 
other year for continuous corn. There were two sets of plots, 
one receiving fertilizer N in 1970 and 1972, and the other 
one in 1971. Table 8 shows a summary of the inorganic N con­
tents in the 0-5 ft depth of these plots during the period of 
this investigation. Data for plots receiving 75 and 300 lb N/A 
were left out of this table because not enough samplings were 
done from them. 
The April 1970 sampling, before any fertilizer N was 
applied that year, showed that these plots had an average of 
136 lb of inorganic N per acre in the top 5 ft with the highest 
concentration (12 ppm) in the top 6 inches and the lowest (4 
ppm) in the 4-5 ft depth. There was a consistent reduction in 
the amount of inorganic N with time in the top 5 ft of the 
control plots. In July 1972 these control plots contained 
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Table 8. Inorganic N content in 0-5 ft depth at Agronomy 
Experimental Farm (Webster clay loam) as influenced 
by N fertilizer applications, average of 2 replicates 
Inorganic (ppm) 
Fer. N 1970 1971 1972 
appxxeci uepxii 
(lb/A) (ft) Apr Jul Oct Apr Jul Sep Apr Jul 
0 0-0.5 12 6 5 9 7 14 11 4 
0.5-1 10 4 6 8 5 6 3 4 
1-2 8 5 3 4 3 2 2 4 
2-3 6 6 2 2 3 5 1 0 
3-4 5 8 3 1 2 4 1 1 
4-5 4 6 5 2 3 2 1 1 
Total (lb/A)*' 136 120 74 70 68 92 48 40 
150 0-0.5 12 8 9 7 14 
in 0.5-1 14 6 6 8 0 
1970 1-2 14 2 3 4 1 
& 2-3 11 6 3 0 0 
1972 3-4 6 6 4 2 2 
4-5 6 7 4 1 0 
Total (lb/A) 200 112 86 58 38 
600 0-0.5 137 9 15 7 9 10 40 
in 0.5-1 90 7 9 6 4 12 42 
1970 1-2 18 6 9 9 5 6 45 
& 2-3 10 17 24 23 20 13 11 
1972 3-4 10 31 31 22 27 23 20 
4-5 14 16 8 14 12 13 22 
Total (lb/A) 662 312 336 298 282 264 556 
150 0-0.5 11 8 
in 0.5-1 10 3 
1971 1-2 6 1 
2-3 3 0 
3-4 1 0 
4-5 3 0 
Total (lb/A) 94 26 
^Average of 2 to 20 replicates. 
_ ^Estimates of pounds inorganic N/A were based on bulk 
density of 1.4? for Webster clay loam. 
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Table 8. (Continued) 
Inorganic N (ppm) 
Per. N 
applied Depth 
(lb/A) (ft) 
1970 1971 1972 
Apr Jul Oct . Apr Jul Sep Apr Jul 
600 
in 
1971 
0-0.5 
0.5-1 
1-2 
2-3 
3-4 
4-5 
71 
78 
3 
3 
82 
79 
30 
1 
3 
2 
14 4 
14 3 
54 1 
52 16 
6 19 
1 8 
Total (lb/A) 466 466 508 150 
only 40 lb inorganic N per top 5 acre ft with the highest con­
centration (4 ppm) in the top 2 ft and the lowest (trace) in 
the 2-3 ft depth. 
Plots receiving 150 lb N/A in May of 1970 and 1972 had 
200 lb of inorganic N per top 5 acre ft in July 1970 with the 
highest concentration (14 ppm) in the 0.2-2 ft depth and 
lowest (6 ppm) in the 3-5 ft depth. However, in July 1972, 
these plots contained only 38 lb inorganic N per top 5 acre 
ft with the highest concentration (14 ppm) in the top 6 inches. 
Plots receiving I50 lb N/A in 1971 had 94 lb inorganic N 
per 5 acre ft in July 1971 with the highest concentration (11 
ppm) in the top 6 inches and the lowest (1 ppm) in the 3-^ ft 
depth. In September 1971 these plots contained less inorganic 
N than did the control plots. 
Plots receiving 600 lb N/A in 1970 and 1972 had 662 lb of 
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inorganic N per top 5 acre ft in July 1970 with the highest 
concentration (137 ppm) in the top 6 inches and the lowest 
(10 ppm) at the 2-5 ft depth. The amount of inorganic N in 
these plots decreased with time to 264 lb per top 5 acre ft 
in April 1972, just before the next application. The highest 
inorganic N concentration at this time in these plots (23 ppm) 
was at the 3-4 ft depth and the lowest (6 ppm) was at the 1-2 
ft depth. Soil analyses in July 1972, after the 2nd N appli­
cation, showed 556 lb inorganic N per top 5 acre ft of these 
plots with the highest concentration (45 ppm) at the 1-2 ft 
depth and the lowest (11 ppm) at the 2-3 ft depth. 
Plots receiving 6OO lb N/A in 1971 had 466 lb of inorganic 
N per top 5 acre ft in July and September of 1971. The highest 
inorganic N concentrations in these plots in July and Septem­
ber 1971 were in the top foot of soil. In April 1972 the 
amount of inorganic N in these plots was 508 lb per top 5 
acre ft with the highest concentration (52 to 54 ppm) in the 
1-3 ft depth. In July 1972 the inorganic N content of these 
plots dropped to I50 lb/top 5 acre ft with the highest concen­
tration (19 ppm) at the 3-4 ft depth and the lowest (1 ppm) 
at the 1-2 ft depth. 
Analyses of deep samplings from the 5-10 ft depth in 
October 1971 in these plots indicated concentrations of no 
more than 3 ppm inorganic N. 
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2. Gravimetric soil moisture 
Figure 6 shows the gravimetric moisture content of the 
0-5 ft depth in this Webster clay loam receiving no fertilizer 
N and I50 and 600 lb N in 1970 and 1972. In April 1970 the 
soil moisture contents generally ranged, between 20 to 259% 
decreasing from the surface to 5 ft depth. In July 1970 it 
ranged from 12^ in the surface soil to 18^ moisture at 4-5 ft 
depths. By October 1970 the moisture content was about 27^ 
in the surface soil decreasing to about 20^ at the 2-5 ft 
depth. 
In April and July 1971 the moisture content was about 20^ 
in the top 6 inches soil, increased to about 25^ at 6-12 
inches and then decreased to about 18^ at the 4-5 ft depth. 
In October 1972 the moisture content from the surface to the 
5 ft depth ranged from 11 to 18% with the 2-3 ft depth being 
the driest part where 6OO lb N/A had been applied. 
In April and July 1972 the moisture content of the top 
2 ft of the soil was about 20 to 2% while it was 15 to 20% 
at the 2 to 5 ft depth. 
Deep sampling down to 10 ft in October 1971 indicated an 
average of 18% moisture at 5-6 ft depth decreasing to 16% at 
9 to 10 ft depth. 
Before the first fertilizer treatment in April 1970, 
there was generally no difference in moisture content between 
the control plots and the plots receiving fertilizer N. 
Samples taken after application of fertilizer N during the 
Figure 6. Average gravimetric moisture content of Webster 
clay loam at 0-5 ft depth under continuous corn 
receiving 0, I50» and 6OO lb fertilizer N per 
acre every other year. 
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period of this study at times showed lower moisture contents 
in plots receiving fertilizer N but these differences were 
not constant with time and depth. 
Plots receiving 150 and 6OO lb N in 1971 had generally 
higher moisture contents than did the rest of the plots in 
this site (Figure 6). This was especially noticeable in plots 
receiving 150 lb N/A which probably had free perched water, and 
probably was related to the location of these plots in the 
field and not due to the fertilizer treatment. 
3. Dry matter yield, percent N, and yield of N in com 
The dry matter yield, N content, and yield of nitrogen in 
corn stover and grain as influenced by N fertilizer application 
is summarized in Table 9 and in Appendix Table A-6 . The per­
cent nitrogen of grain in these tables was based on N analyses 
of 1971 grain only. Because of the variability in the percent 
nitrogen in grain from plots where N fertilizer was applied, 
the average of 1.^8^ N was used as the percent N in the grain 
in calculating yield of N for both years when N fertilizer had 
been applied. 
The yield of total dry matter generally increased with 
higher N levels except that the I50 lb N/A level in the re­
sidual year showed lower yield than the control and the 75 lb 
N/A level. The first year, yield of stover consistently in­
creased with increased N fertilization up to the rate of 3OO 
lb N/A. In residual years, the yield of stover had a trend 
Table 9» Dry matter yield and N content of com stover and grain as influenced 
by N fertilizer applications (average of 2 replicates in I97I and 1972, 
Webster silt loam) 
Fer. N Dry matter yield (Ib/A)^ % N Yield of N (lb/A) 
applied 
(lb/A) Year^ Stover Grain Total Stover Grain^ Stover Grain Total 
0 4290 3940 8230 0.50 1.48 21 58 79 
75 1st 4480 5190 9670 0.59 1.58 26 82 108 
150 4660 6I7O IO830 0.69 1.58 32 98 129 
300 5860 6800 12660 1.02 1.58 60 107 167 
600 5770 6910 12680 1.18 1.58 68 109 177 
75 2nd 4830 3940 8870 0.55 1.58 27 62 89 
150 3880 3720 7800 0.42 1.58 16 59 75 
300 5330 6270 11600 0.73 1.58 39 99 138 
600 4710 6850 11560 0.82 1.58 39 108 147 
^Oven dry (65°C) weight. 
^As to time of fertilizer N applied. 
# N in grain and yield of N in grain based on N analysis of 1971 grain only. 
Because of variability in N # in grain from plots where N fertilizer was applied 
which was not related to the amount of N fertilizer applied the average of 1.58?^ was 
used as the # of N in this grain in calculating yield of N where N fertilizer had 
been applied. The actual data are in Appendix Table A-6. 
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similar to the first year except that of the I50 lb N/A plot 
which had lower stover yield than the 75 lb/A and the check 
plots. The yield of grain in the first year increased with 
increased rates of N application beyond 150 lb N/A. In the 
residual year the N uptake in 150 lb N/A plots was lower than 
that of the control plots and the plots receiving.75 lb N/A. 
The sum of the N uptake by stover and grain was related 
to the rate of N application in both the first year and the 
residual year except that the I50 lb N/A plots in the residual 
year had lower yields than the control and 75 lb N/A plots. 
The N uptake by stover and grain individually generally corre­
lated with the rate of N application in the first years. In 
the residual year, the 150 lb N/A plots had lower N contents 
in both stover and grain than did the 75 lb N/A and the control 
plots. The amounts of N picked up in the residual year by 
stover in the 300 and 6OO lb N/A plots were not different 
and were more than the amounts picked up from the lower rates 
of N application. 
The yields of dry matter and percent N in stover were 
higher in 1972 than in 1971 for both the first year N appli­
cation and the residual year. 
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V. DISCUSSION 
A. Western lowa Experimental Farm 
1. Soil moisture 
The data summarized in Figure 4 illustrate the variation 
in soil moisture contents of the 0 to 5 ft zone that could be 
expected due to seasonal differences in precipitation and crop 
removal. The moisture contents exceeded 20^ in the top 3 to 4 
ft of soil in April of each year. Between April and July, 
moisture losses by évapotranspiration exceeded additions by 
rainfall so the moisture contents in this depth of soil de­
creased. This was most apparent in 1970 and resulted in very 
low yields of com, especially where com followed meadow in 
the COM rotation. Moisture additions from rainfall markedly 
increased the moisture content in the top 3 to 4 ft of soil 
between July and October in 1970 and 1972, but losses by crop 
removal exceeded additions by rainfall during this period in 
1971. However, the moisture deficit in 1971 did not result in 
serious yield reduction. 
There were distinct differences in soil moisture contents 
due to different cropping systems with moisture contents being 
higher in continuous corn plots than in com plots of the COM 
rotation. This difference was obvious in the 0-5 ft depth at 
most times of sampling but was most noticeable in the 5 to 15 
ft layer of soil as shown in Figure 5* The deep root system 
and the longer growing season of alfalfa in the meadow of the 
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COM rotation obviously depleted soil moisture to a depth of 
11 ft. This probably occurred primarily during the drought 
years but was not replenished during other years under the 
COM rotations. However, the greater depletion of soil mois­
ture by the meadow crop is obvious in the April sampling of 
the 1 to 5 ft depth in each of the years of this study. Pre­
vious cropping had little influence on the moisture content of 
the surface 1 to 2 ft of soil in April. But the moisture con­
tent at the 4 to ^ ft depth was consistently lower in the com 
plots of the COM rotation than in the continuous com plots. 
In October of each year there was little difference in soil 
moisture contents of the 0-5 ft depths of com plots due to 
previous cropping. It would appear that very little moisture 
moved below the 5 ft depth between April 1970 and July 1972, 
especially in the COK plots. The samplings of the 5 to 20 ft 
depth in May 1971 and October 1972 confirm this. 
N fertilizer applications on continuous com generally 
resulted in slightly lower soil moisture contents in the 1 to 
5 ft depth under continuous corn than occurred in the continu­
ous corn where no N fertilizer was applied. This difference 
•was especially noticeable during dry seasons. The lower soil 
moisture contents in N fertilizer plots was probably due to in­
creased demands for moisture by com plots provided with ade­
quate fertilizer N. Thus, in seasons when the available soil 
moisture was normal or below normal, the difference became 
more obvious. 
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2. Movement and accumulation of inorganic N in soil 
Variability in the amounts of inorganic N found in the 
soil at different times of sampling (Table 2) makes the inter­
pretation of the data difficult. With the many processes (N 
mineralization, immobilization, crop uptake, movement of in­
organic N, applications of fertilizer N) involved, it is not 
surprising that the amounts of inorganic N found in the soil 
at a given depth varies markedly from one sampling time to 
another. However, since the data indicate little or no move­
ment of moisture or inorganic N below the 5 ft depth during 
this 3-year sampling period, one could expect the data for the 
total inorganic N above the 5 ft depth to reflect the effects 
of fertilizer N additions, seasonal and yearly variations due 
to crop removal and other changes that follow a regular pattern. 
Variability in inorganic N content of the 0-5 ft layer 
due to sampling errors between replicates of plots with the 
same cropping and fertilizer treatment indicate that sampling 
was not adequate to eliminate sampling errors. With this 
soil variability among plots in this experiment, sampling of 
only 3 cores per plot from the 1 to 5 ft depth at any one time 
of sampling was expected to result in considerable variability. 
However, the lack of precision was accepted as inevitable in 
order to sample the small plots at successive times. Many of 
the plots were sampled 3 times each year for 3 years—a total 
of 9 times of sampling. The individual plots were only 20 ft 
wide and 4o ft long. Allowing a 5 ft border at the edge of 
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each plot, to avoid as much as possible the border effect be­
tween plots, left only a plot 10 ft by 30 ft from which soil 
cores could be obtained. By taking 3 cores per plot at each 
time of sampling, with 9 times of sampling there was a total 
of 27 cores taken per plot during the 3-year period. With a 
uniform distribution of these cores over the sampling area the 
cores were separated from one another by approximately 4 feet. 
More extensive sampling would have resulted in successive 
sampling being closer than this to one another. It was be­
lieved that any sampling closer than this to a previous sample 
could result in serious errors. 
Variability sind errors in results also would result from 
losses of inorganic N from the soil samples between the time 
the samples were collected in the field and the time they were 
analyzed in the laboratory and from errors in the laboratory 
determinations of inorganic N. Precautions were taken to 
minimize these errors. The soil samples were kept frozen from 
the time they were collected until the time they were analyzed 
to minimize any loss of inorganic N. Standards were used to 
constantly check the analyses and minimize analytical errors. 
With the sampling method used, the effects of high rates 
of fertilizer N additions on the inorganic N content of the soil 
with initially low levels of inorganic N were consistent. Such 
data were obtained from plots where 320 lb N/A was applied 
every third year on continuous com and where 160 lb N/A was 
applied on com in the COM rotation (Table 2). In all plots 
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with these treatments the total amounts of inorganic N in the 
0-5 ft depth were low in April just prior to the fertilizer N 
application and were appreciably higher in July after the 
fertilizer N had been applied. 
The results of successive samplings of individual plots 
indicate that sampling errors were appreciable. However, the 
average amounts in the 0-5 ft zone over the 3-yeàr sampling 
period probably are reasonably reliable estimates. For ex­
ample, in Table 2 the total amount in the 0-5 ft zone of con­
tinuous com plots where no N fertilizer was applied varied 
from 39 to 99 lb/A at different sampling times. These differ­
ences cannot be used to indicate seasonal or yearly changes 
in the amounts of inorganic N present in these plots. However, 
the mean value of 60 lb inorganic N/A probably is a reasonably 
reliable estimate of the average amount of inorganic N in the 
0-5 ft zone of these plots. Similarly the estimates of 89, 
246 and 707 lb inorganic N/A in the 0-5 ft depth of plots that 
received 80, 160 and 320 lb of fertilizer N/A, respectively, 
from 1970 to 1972 are similar to the amounts found in July and 
October of 1972 after all the fertilizer N had been applied 
and probably are reasonably reliable estimates of the average 
amounts of inorganic N in these plots, but the differences 
between times of sampling in these plots cannot be considered 
as reliable estimates of increases in inorganic N due to appli­
cations of fertilizer N during this period. With larger amounts 
of inorganic N present in the soil due to these fertilizer 
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applications, the proportional differences due to time of 
sampling are about the same as those for plots where no N 
was applied even though the actual differences in lb N/A are 
larger. 
The similarity in results between the June 1971 and 
October 1972 sampling of the depth below.5 feet, even though 
only one core was taken per plot at each time of sampling, 
indicates that moderate differences among the total amounts of 
inorganic N found at this depth are meaningful. The data in­
dicate very low, < 5 ppm, concentrations of inorganic N below 
5 feet under continuous corn where no N fertilizer was applied, 
under continuous com where as much as 160 lb N/A was applied 
every third year (except when applied in very dry years), or 
under COM where as much as 80 lb N/A was applied for the com 
crop. However, significant amounts of inorganic N moved below 
the 5 ft depth under continuous com where 80 or l60 lb of 
fertilizer N was applied each year. And, where this much fer­
tilizer was applied, some inorganic N probably moved below the 
20 ft depth. Where 160 lb of fertilizer N was applied every 
third year and the season during the year of application was 
very dry, so little N was taken up by the com plants, some of 
the inorganic N remaining in the soil moved below the 5 ft 
depth in subsequent moist seasons following those dry growing 
seasons. 
The relatively uniform distribution of inorganic N 
throughout the 5 to 20 ft depth, rather than an accumulation 
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at any one depth, probably results from the fact that the 
moisture content of this soil was always near the soil moisture 
equivalent. Movement of moisture and inorganic N was not into 
dry soil as commonly occurs in laboratory studies. 
The meadow crop had removed more moisture from the soil 
to the 11 ft depth at some time prior to 1970 than had continu­
ous corn and by 1971 the lost moisture had only partially been 
restored to the depth of 7 ft. It would appear that the drier 
zone from 7 to 11 ft under COM would limit any movement of in­
organic N below 7 ft even if excess inorganic N was present 
above this depth. In this study, with a maximum of 80 lb N/A 
applied every third year from 1954 to I969 in this COM rota­
tion, and 160 lb N/A after that, there was no accumulation of 
N above the 5 ft depth. So there would have been little or 
no movement of inorganic N even if water had moved. 
Where I60 lb N/A was applied to the corn crop in the COM 
rotation (plot 3D) in the spring of 1970, plentiful moisture 
during the fall 1970 and spring 1971 had moved the concentra­
tion front of inorganic N down to the 4 ft depth of the soil 
by April 1971 (Table A-1). By fall 1972, after the oats and 
meadow were grown in the next two years of the rotation, the 
inorganic N concentration below the depth of 2 ft was not more 
than 5 ppm. This indicates the efficiency of meadow in picking 
up inorganic N from these depths. On the other hand, plot 5E 
that received 320 lb of fertilizer N in 1970 on continuous corn 
indicated a similar trend of inorganic N movement down to 5 ft 
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during the next two years, but unlike the COM plot, by July 
1972 there was a concentration of up to 29 ppm at the 3 to 5 
ft depth of the soil (Table A-1). The movement of the highest 
concentration of inorganic N during three years time after such 
applications of 320 lb of N is illustrated in Table 5» The 
gradual lowering of the higher inorganic N concentration front 
appears in the form of a diagonal in this table. It seems that 
the speed of movement of inorganic N down the soil profile is 
in phase with the movement of moisture. 
3. Corn yield and N uptake 
Table 10, which was prepared on the basis of average com 
grain yields from continuous com plots receiving fertilizer N 
every third year shows the following in regard to residual 
effect of the rate of N applied on grain yield: 
1. In plots where UO lb N/A was applied there was no 
residual effect in years after N application. 
2. Plots that received 80 lb N/A showed residual effect 
for the first year after N application. 
•3. Plots receiving I60 lb N/A showed residual effect for 
2 years after N application. 
The average corn yield data over the period of 195^-1969 
where fertilizer N was applied each year on continuous com 
indicate that the maximum com yield was obtained from plots 
that received 80 lb N/A (Table 11). However, residual effect 
on the yield of com the first year after N fertilizer 
Table 10. Effect of N fertilizer applications every third year on grain yields 
(oven-dry weights) of continuous corn 
Rate of N 
fertilizer 
application 
lb N/A/3 yr 
Average annual com yield increase due to N fertilizer^ 
Year 
fertilizer 
applied 
lb/A 
1 year after fer-
tilizer was applied 
io of 
year 
lb/A applied 
2 years after fertilizer 
was applied 
% of ^ of 
year previous 
lb/A applied year 
80 
160 
320 
1970 
3420 
3210 
1971-1973 average 
1100 56 310 
2630 77 1450 
3500 109 3000 
16 
42 
93 
28 
55 
86 
40 
80 
160 
524 
1000 
857 
1954-1969 average 
0 0 
242 24 
714 83 
95 
143 
524 
18 
14 
61 
59 
73 
^Average yields where no N fertilizer was applied were 3040 and 3665 lb/A for 
I97I-I972 and 1954-1969• respectively. 
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application was noticed when 80 lb N/A was applied every third 
year. The data indicate that the optimum com yield from these 
continuous com plots would have been obtained from applica­
tions of about 60 lb N each year. Where the 80 lb N/A rate 
was continued every year over a period of years, appreciable 
amounts of inorganic N accumulated in the soil and moved to 
deeper depths. Little or no increase over the control plot in 
inorganic N in the 0-5 or 5-20 ft depth resulted where 40 lb 
N/A/year was applied from 195^ to I969 (80 lb N/A/year from 
1970 to 1972). But, where continuous com plots received 80 lb 
N/A/year during 1954 to I969 (160 lb N/A/year from 1970 to 
1972), increases of 186 and 517 lb inorganic N/A resulted in 
the 0-5 and 5-20 ft depths, respectively. There were increases 
of 647 and 718 lb inorganic N/A in the 0-5 and 5-20 ft depths, 
respectively, where I60 lb N/A/year was applied from 195^ to 
1969 (320 lb N/A from 1970 to 1972). 
Therefore, it becomes apparent that at this experimental 
site, at the optimum rate of approximately 60 lb N/A each year 
on continuous com, the com yields would be optimum without 
any significant excess inorganic N over plant uptake left in 
the soil to accumulate or move below the root zone. 
In the COM rotation plots, meadow and oats have been 
effective in the uptake of excess inorganic N and therefore 
permitted no hazard of accumulation or downward movement of 
inorganic N in these experimental plots. 
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4. Recovery of applied nitrogen 
Table 11 summarizes the data relative to recovery of 
applied fertilizer N in the com crops and in inorganic forms 
in the soil. 
In COM rotation plots the percentage recovery of applied 
N in the soil was twice as much where 40 lb N/A was applied for 
corn during 195^ to I969 (80 lb from 1970-1972) than where 80 
lb N/A was applied for the com during 195^ to I969 (I60 lb 
from 1970 to 1972). The quantitative retention of inorganic N 
for both N rates in COM plots were equal. The excess quanti­
ties of N from the higher rate might have been used by the 
meadow and oats in the rotation. Recovery of the applied N 
by com grain was over 20^ in the lower rate and only 10^ in 
the higher rate. About the same ratio of percent recovery of 
applied N was true by com stover. Thus, total recoveries of 
applied N in the soil and grain were ^ 5% for the lower and 
21^ for the higher N application rates. Since the stover was 
turned back into the soil, the N incorporated in the stover 
cannot be counted as N recovery. The unaccounted portions of 
the applied N might have been used by oats and meadow in the 
rotation and partly in the organic soil complex. 
The recovery of the applied N fertilizer in the soil in 
the continuous com plots in absolute terms was 703 lb/A 
where 80 lb N/A was applied every year from 195^ to I969 (I60 
lb from 1970 to 1972) and was almost twice as much where the 
rates were doubled. There was a recovery of 40^ of the applied 
Table 11. Effect of cropping and N fertilizer applications on the amounts of in­
organic N in the 0-20 ft depth of soil and the estimated total N in corn 
grain and corn stover for Western Iowa Experimental Farm, 195^ to 1972 
Fertilizer N appli-
Frequency cation (lb/A) inorganic N In sell (lb N/A) 
Rate ^ \J± fertilizer 
appli­
cation 
Total 
1954-
1972 
Increase 
due to 
N fer. 
% of 
applied 
N fer. Cropping 
1954-
1969 
1970-
1972 0-5' 5-20' 
Total 
0-20' 
COM 0 
For com 
0 
20 
0 
40 
0 
14 0 
90 78^ 168 0 0 
40 80 280 158 78^ 236 68 24 
80 160 560 155 78 233 65 12 
CCC 0 0 0 0 60 112 172 0 0 
Each year 40 80 880 89 — — — — — — 
80 160 1760 . 246 629 875 703 40 
160 320 3520 707 830 1537 1365 39 
CCC 0 
Every 3rd 
year 
0 
40 
80 
0 
80 
160 
0 
280 
560 
60 
69 
88 
112 172 0 0 
160 320 1120 175 201 376 204 18 
^Estimated. 
Table 11. (Continued) 
Total Oven-dry 
fer. N grain 
Crop- applied yield 
ping (lb/A) (lb/A) 
Corn grain 
N 
Oven-dry 
Yield grain 
of N yield 
(lb/A) (lb/A) ic N 
Yield of N 
Inc. io of 
Yield due to app. 
of N Total fer. N fer. 
(lb/A) (lb/A) (lb/A) N 
1954-1969 1970-1972 1994-1972 
COM 0 27418 1.44 395 4454 1.44 64 459 0 0 
140 27418 1.52 418 4471 1.60 72 490 31 22 
280 27671 1.60 443 4658 1.60 75 418 59 21 
560 27671 1.60 443 4274 1.65 71 514 55 10 
CGC 0 58643 1.17 686 8308 1.17 97 783 0 0 
880 73114 1.33 972 15968 1.49 238 1210 427 49 
1760 77673 1.49 1157 15831 1.54 244 1401 6I8 35 
3520 78445 1.54 1208 15210 1.60 243 1451 668 19 
CGC 0 58643 1.17 686 8308 1.17 97 783 0 0 
280 61690 1.21 747 10440 1.26 132 879 96 34 
560 68544 1.26 864 12795 1.37 175 1039 256 46 
1120 70067 1.37 960 14105 1.51 213 1173 390 35 
Table 11. (Continued) 
Corn stover^ 
Yield of N 
Crop­
ping 
Total 
fer. N 
applied 
(lb/A) 
Oven-dry 
stover 
yield 
(lb/A) ^ N 
Yield 
of N 
(lb/A) 
Oven-dry 
stover 
yield 
(lb/A) fo N 
Yield 
of N 
(lb/A) 
Total 
(lb/A) 
Inc. 
due to 
fer. N 
(lb/A) 
% of 
app. 
fer. 
N 
1954-1969 1970-1972 1954-1972 
COM 0 25224 0.76 192 3456 0.76 26 218 0 0 
140 25224 0.86 217 4214 0.95 40 257 39 28 
280 25458 0.95 242 3945 1.00 39 281 63 23 
560 25458 1. GO 255 3578 1.10 39 294 76 14 
CCC 0 53952 0.48 . 259 10268 0.48 49 308 0 0 
880 67265 0.65 437 14304 0.82 117 554 246 28 
1760 71459 0.82 589 13011 0.98 128 717 409 23 
3520 72169 0.98 707 13250 1.59 210 987 679 19 
CGC 0 53952 0.48 259 10268 0.48 44 3O8 0 0 
280 56755 0.51 289 10699 0.54 58 347 39 14 
560 63060 0.54 341 11026 0.69 76 417 109 19 
1120 64462 0.69 448 12249 0.87 107 455 146 13 
^Yield of stover from 195^ through 1970 was estimated as 92^ of the oven-dry 
yield of grain of that period. 
89 
N in each case. For the two plots, there was a 35^ recovery 
of the applied N in the grain for the lower rates and when the 
rates were doubled, there was only 19^ recovery in the grain 
of the applied N. Where only 40 lb N/A was applied each year 
during 1954 to I969 (80 lb from 1970-I972), the recovery of 
the applied in com grain was 4995. Thus, there was a decrease 
in percentage recovery of applied N as the rate of N applied 
each year on continuous com increased. At the intermediate 
N levels (80 lb N/A during 1954 to I969 and I60 lb from 1970-
1972), a total of 75^ of the applied N was recovered in the 
inorganic forms of N in the soil and the N in the grain. Where 
the above rate was doubled, 58^ of the applied N was recovered. 
Recovery by stover of the applied N in these plots was about 
20^ which was returned to the soil each year. Some of the N 
in the stover would still be in the organic matter complex of 
the soil. Since appreciable quantities of inorganic N were 
found at the 20 ft depth of the soil where the highest,rate 
of N was applied (Figure 3), there is reason to believe that 
some of the N from these fertilizer applications might have 
moved below the 20 ft depth. 
In continuous com plots where I60 lb N/A was applied 
every third year from 1954 to I969 (320 lb from 1970-1972) 
there was only 18?5 recovery of the applied N (as inorganic N) 
in the soil. Data were not obtained for the lower rates of 
fertilizer N applications, but one could expect lower recoveries 
as inorganic soil N from these rates. The percent recovery of 
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the applied N in com grain in these plots varied from 34 to 
36^ with different rates of N application and from 13 to 19^ 
in stover. 
B. Agronomy Farm 
Examination of the data on inorganic N movement and 
accumulation (Table 8) and that of field moisture (Figure 6) 
in the Agronomy Farm plots show that there is a close rela­
tionship between availability of moisture and accumulation, 
movement and fate of the applied N in the field. 
In July 1970, the soil moisture contents were below 18^ 
and plots receiving fertilizer that year showed little down­
ward movement of inorganic N. Most of the applied N was re­
covered in the soil. In July 1971 and 1972 the soil moisture 
contents in the top 2 ft were above 20% and movements of the 
applied N to the lower depths were greater. Also the recov­
eries of the applied N in soil in July months of 1971 and 1972 
were lower. This was especially true in plots that received 
150 lb N/A in 1971» As Table 8 shows, by September of I97I, 
only 26 lb N/A was detected in the top 5 ft of these plots. 
Figure 6 shows that these plots had the highest moisture con­
tent among the Agronomy plots in April and July of I97I. Most 
of the unaccounted N in 1971 must have been lost by denitrifi-
cation before plants could absorb it. Table A-6 shows that the 
recovery of N by the corn crop in 1971 was considerably lower 
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in 1971 than in 1972. In addition to the escape of N by 
denitrification during the earlier periods of the growing 
season, extremely dry periods in the latter part of the 
summer 1971 had caused a reduction in crop yield and 
yield of nitrogen. 
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VI. SUMMARY AND CONCLUSION 
The objective of these experiments were to study* 
(1) the extent of movement and accumulation of inorganic 
nitrogen as a result of application of different rates of 
fertilizer N at different time intervals for continuous com 
crop and for the com crop in a corn-oat-meadow rotation, 
(2) the recovery of the applied fertilizer N by the corn crop 
and the extent of accounting for the applied fertilizer N 
in the soil profile as inorganic nitrogen, (3) the relation­
ship of soil moisture content with movement and accumulation 
of the applied fertilizer N in the soil profile and its fate 
from the root zone by means other than the crop removal, and 
(4) the optimum rate of fertilizer N applied to continuous 
corn crop for obtaining the maximum profit as com yield and 
at the same time keeping the hazard of the inorganic N move­
ment and accumulation below the root zone at minimum. 
This study revealed that upon the application of fertil­
izer N during 19 years in continuous com on Napier silt loam, 
the accumulation and movement of inorganic N within and below 
the root zone down to a 20 ft depth was proportional to the 
rate of fertilizer N application. Applying fertilizer N every 
third year considerably reduced accumulation and movement of 
inorganic N in the soil profile. A corn-oat-meadow rotation 
was an effective practice to prevent movement and accumulation 
of inorganic N below the 4 ft soil depth. In Webster clay loam 
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where rates of up to 600 lb N/A were applied every other year 
from 1970 through 1972, gradual movement of inorganic N down 
to 5 ft depth was noticed during the 3-year period. Movement 
of inorganic N below the 5 ft soil depth might have occurred 
with the higher rates of N application. However, no sampling 
was done below the 5 ft depth from these plots in this experi­
ment because the water table was never below 6 ft. 
In Napier silt loam recovery of the applied fertilizer N 
as inorganic forms of N in the 20 ft soil layer was from 20 
to 400s depending upon the rate and frequency of N application 
and cropping system. The recovery of applied N in the corn 
grain ranged from 10 to 49#. 
The seasonal soil moisture contents were affected by the 
cropping system and the rates of N application. The corn-oat-
meadow rotation plots had lower soil moisture contents in the 
4 to 12 ft soil layer than did the continuous com plots. 
Plots on higher N rates generally had lower soil moisture con­
tents at the 2 to 5 ft soil layer. The downward movement of 
inorganic N generally was affected by the seasonal soil mois­
ture content which was in turn the result of fluctuations in 
seasonal precipitation. In Webster clay loam plots with a 
higher water table, there was an apparent loss of N by 
denitrifi cation. 
Interrelating the extent of movement and accumulation of 
inorganic N in the soil profile, the rate and frequency of N 
application, and the com grain yields, this study suggests 
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the optimum rate of N application at the Western Iowa Experi­
mental Farm site would be about 60 lb N/A each year to insure 
being the most profitable to the farmer and in the meantime, 
to reduce the chances of movement of appreciable quantities 
of inorganic N below the root zone in continuous com system. 
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APPENDIX 
Table A-la. Gravimetric soil moisture content, 1970-1972, 
Western Iowa Experimental Farm 
% moisture 
1970 
Year N Depth April July Oct 
Plot applied (ft) I II I II I II 
lA — 0-. 5 
.5-1 
1-2 
4-5 
ID 1972 0-.5 
.5-1 
1-2 
2-3 
3-4 
4-5 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
2A 1971 0-.5 
• 5-1 
1-2 
ii 
2C 1971 O-.5 
.5-1 
1-2 
2-3 
105 
^ moisture 
1971 1972 
April July Oct April July Nov 
I II I II I II I II I II I II 
27 23 15 16 18 20 
26 24 15 16 17 17 
26 27 18 17 13 14 
17 25 19 21 12 14 
25 16 20 19 13 14 
12 — — 13 12 13 12 
17 18 20 20 
17 18 18 16 
18 21 18 15 
19 22 14 14 
27 26 21 21 
26 26 23 21 
27 27 26 20 
25 27 25 20 
13 18 24 22 
12 13 24 22 
28 24 20 21 32 29 
27 25 20 22 31 28 
28 28 20 22 30 29 
25 13 21 21 28 29 
17 13 22 22 24 27 
13 13 21 22 19 19 
19 13 
18 14 
13 12 
14 12 
15 13 
17 15 
17 20 
— — 18 
17 17 
18 17 
— — 18 
— — 17 
— — 18 
20 18 
—• — 20 
Table A-la. (Continued) 
io moisture 
1970 
Year N Depth ^pril J^ly _Oçt 
Plot applied (ft) I II I II I II 
2C (cont.) 
2D 1971 
3A 
3B 1970 
30 1970 
0-.5 
.5-1 
1-2 
8 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
0-.5 
.5-1 
1-2 
8 
0-.5 
.5-1 
1-2 
4-5 
0-.5 
.5-1 
26 27 12 19 27 29 
30 26 12 9 23 29 
28 21 13 12 30 31 
28 15 17 14 29 29 
25 11 20 12 19 17 
23 13 21 11 15 13 
25 
27 
20 
16 
13 
26 
28 
28 
: ÏI 
25 
107 
fo moisture 
1971 1£22 
April July . Oct April July Nov 
I II I II I II I II I II I II 
12 22 14 14 
21 14 15 13 
27 23 16 17 19 20 
27 26 16 19 17 15 
27 29 17 20 13 14 
24 26 17 22 13 14 
17 19 20 23 13 14 
11 13 16 15 14 17 
23 13 
21 13 
13 9 
10 12 
10 — — 
10 — — 
13 — — 
15 
15 — — 
18 — — 
29 
30 
29 
27 
23 
21 
26 
28 
28 
25 
22 
17 
25 25 21 22 - 29 
28 26 23 24 26 
27 28 19 19 -- 31 
24 26 15 15 -- 29 
15 16 15 15 - 26 
13 12 17 17 -- 23 
21 
20 
16 
14 
14 
il 
16 
17 
17 
18 
19 
20 
Table A-la; (Continued) 
fo moisture 
1220 
Year N Depth .A£ril_ _Ju1l _Oçt 
Plot applied (ft) I II I II I II 
3C (cont.) 
3D 1970 
kk 
4G 1972 
1-2 
2-3 
3-4 
4-5 
0 - . 5  
.5-1 
1-2 
2-3 
8 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
27 
12 
15 
23 
24 28 9 10 
27 24 10 12 
25 19 12 13 
21 13 13 12 
14 13 17 11 
15 12 14 12 
O-.5 26 26 12 13 27 27 
.5-1 27 28 15 17 27 28 
1-2 29 29 16 17 32 29 
2-3 28 29 21 20 28 29 
3-4 23 28 23 23 16 19 
4-5 21 24 21 23 16 16 
0-.5 25 26 10 14 26 28 
.5-1 27 29 12 17 27 29 
1-2 28 30 14 16 29 30 
2-3 22 27 17 19 28 28 
3-4 20 25 20 22 16 17 
4-5 18 21 19 20 14 17 
109 
io moisture 
1971 1972 
April July Oct April July Nov 
I . II I II I II I II I II I II 
30 26 25 27 21 21 - 30 
29 27 26 29 24 24 - 29 
27 25 27 27 22 25 -- 29 
25 24 23 22 19 17 -- 28 
22 20 12 13 17 15 -- 25 
20 19 13 13 17 15 -- 19 
27 26 
30 27 
29 28 
26 27 
23 24 
20 22 
27 23 
27 28 
27 28 
25 25 
22 24 
20 20 
15 
12 
14 
13 
15 
14 
16 
16 
18 
18 
17 
19 
20 
19 
20 
/ 
Table A-la. (Continued) 
% moisture 
1970 
Year N Depth -âmi- -iliii 
Plot applied (ft) I II I II I II 
4D 1972 0-.5 26 27 
.5-1 28 28 
1-2 26 28 
2-3 22 26 
3-4 16 25 
4-5 18 22 
4E 1972 0-.5 27 26 11 14 27 28 
.5-1 28 30 11 16 27 28 
1-2 29 29 23 17 30 30 
2-3 25 29 17 19 26 26 
3-4 17 27 19 19 14 26 
4-5 18 27 20 22 12 16 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
5A — 0-.5 26 25 10 13 25 27 
.5-1 29 28 12 16 27 27 
1-2 29 29 16 16 29 30 
2-3 28 28 19 19 27 28 
3-4 25 23 21 21 21 16 
4-5 23 22 22 19 20 14 
5C 1970 0-.5 26 29 10 — — 26 29 
.5-1 29 29 10 14 27 30 
1-2 24 31 12 16 27 32 
2-3 26 28 15 20 25 30 
Ill 
io moisture 
1971 1972 
April July Oct April July Nov 
[ II I II I II I II I II I II 
26 26 17 21 
29 28 21 22 
27 28 18 20 
25 26 19 20 
20 22 21 22 
17 19 22 22 
28 25 17 19 18 20 26 26 18 19 28 26 
27 26 19 18 17 19 28 27 22 22 29 27 
29 28 22 20 14 16 29 27 20 21 30 27 
25 28 21 22 14 15 26 26 19 21 29 25 
22 26 23 23 14 14 16 24 22 23 26 23 
17 23 21 22 14 17 14 22 22 22 24 24 
21 20 
17 23 
16 21 
17 19 
18 21 
19 22 
18 23 
19 18 
19 19 
19 21 
17 19 
19 19 
20 20 
21 22 
21 21 
27 25 17 17 18 18 25 25 21 21 
29 29 21 19 19 20 29 28 24 26 
32 28 22 21 15 17 28 28 24 24 
26 27 19 22 16 17 25 27 22 21 
22 22 22 22 19 25 23 19 23 23 
22 20 24 21 21 17 22 19 23 22 
27 25 18 18 18 14 23 25 20 22 
29 29 20 .20 17 19 26 28 22 28 
26 29 19 22 13 24 26 30 21 28 
24 22 20 23 13 15 23 28 20 26 
Table A-la. (Continued) 
io moisture 
1220 
Year N 
Plot applied 
Depth 
(ft) 
April July Oct 
I II I II I II 
5C (cont.) 3-4 24 25 22 21 16 16 
4-5 23 23 21 22 16 15 
5D 1970 Û-.5 26 28 
.5-1 27 29 
1-2 29 29 
2-3 28 27 
3-4 26 21 
4-5 24 19 
5E 1970 0-.5 26 27 10 11 27 28 
.5-1 29 29 12 13 28 29 
1-2 29 29 14 15 29 32 
2-3 28 27 16 18 27 16 
3-4 22 18 21 20 16 15 
4-5 21 19 21 19 15 13 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
6A 0-.5 27 25 10 12 27 25 
.5-1 28 27 14 15 28 28 
1-2 30 27 16 17 30 29 
2-3 27 20 19 18 29 28 
3-4 27 18 21 19 20 17 
4-5 24 19 22 19 19 14 
H 
r4 
>4 
+> 
CO 
•H 
S 
H M 
> O 
s 
H 
M ^ en CM VO cnrH CM rH 
> 
H CM CM CM CM CM CM CM CM CM tv rH 
o\ 0 
H h> CM on cM^ cnrH en en M CM CM CM CM CM CM CM CM 
M HVO V^CO 00 VO 
H M CM rH CM CM CM CM rH rH 
•H 
!H p. 
< O SO VO OO 00 *000 M CM rH CM CM CM CM rH rH 
M 0\ 0\V0 vn 
M rH rH rH rH rH rH rH rH 
-P 
o 
O CS- CO IS-V^^^OO 
M rH rH rH rH rH rH rH rH 
M ^ O i^C^rH H CM O 
>•. 
M CM CM rH rH CM CM CM CM 1—1 iH 
O) 3 1—1 h) rH m 00 OVO C3NrH CM M CM CM rH rH CM rH CM CM 
M cno \no\oo v^cncTv 1—1 M CM CM CM CM CM CM CJ H 
•ri k 
P 
CM rH C7\Ovo<^ en CM 
M CM CM CM en CM CM CM CM 
H H o ONC^VO CO CJNJS-CO 00 00 00 OO 00 OO O-OO ONrH iH 
c*^ cS C^CVl OJ<—I t—I I—Ir—)i—Il—IrHrHrHi—IrHrHrHrHCMOJ 
CJs{>-0 C3\V^^43- m00 (N-U->C0 CO 00 C^o-xo 00 0\0 C3\ 
CM CM C^ CM CMCMCMCMrHiHrHrHrHrHrHrHrHrH i—1 CM i—1 
C3NO mO fH C3N 
H CM CM CM CM H 
r—I ^  CO rH CM rH CM CM rH CM CM CM 
^cxoo^ cn^j-
CM CM CM CM H H 
VO l>-0O^ C^rH 
CM CM CM CM rH CM 
CM::)-CO^CO I>-
CM CM rH rH rH rH 
oo\o CM en 
rH rH PH rH t—I rH 
0\G\mcM CM O 
rH rH CM CM CM m 
O-O rH 0\CM rH 
iH CM CM rH OJ CM 
^ 00 
CM CM CM CM CM rH 
OO O CM O 
CM cncM CM CM CM 
Table A-la. (Continued) 
^ moisture 
1970 
Year N Depth -Oct. 
Plot applied 
60 1971 
6D 1971 
6E 1971 
7A 
. (ft) I II I II I II 
0-.5 26 28 11 13 
.5-1 27 29 13 17 
1-2 26 31 14 20 
2-3 26 29 19 21 
3-4 22 27 21 23 
4-5 21 24 22 22 
0-.5 25 27 
.5-1 27 31 
1-2 29 32 
2-3 28 29 
3-4 25 26 
4-5 22 24 
0-.5 26 27 11 10 27 28 
.5-1 27 27 12 12 29 28 
1-2 24 27 14 13 27 29 
2-3 18 18 15 16 27 27 
3-4 18 16 18 17 15 14 
4-5 17 18 17 16 13 13 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
0-.5 27 26 11 10 27 27 
.5-1 29 29 13 13 27 28 
1-2 29 31 16 16 30 31 
2-3 29 29 19 19 29 28 
. 3-4 26 28 21 22 19 19 
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Table A-la. (Continued) 
moisture 
1970 
Year N Depth April July Oct 
Plot applied (ft) I II I II I II 
7A (cont.) 4-5 24 23 23 22 17 16 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
7? 
7G 
Every 0-.5 28 27 11 11 28 28 
year .5-1 28 28 12 11 27 29 
1-2 29 28 16 12 31 30 
2-3 28 21 19 15 29 28 
3-4 25 15 23 18 17 15 
4-5 21 19 22 16 14 13 
Every 0-.5 25 24 10 10 26 27 
year .5-1 25 26 10 11 27 27 
1-2 18 27 13 13 29 30 
2-3 13 16 13 16 27 29 
3-4 12 15 13 17 17 16 
4-5 16 17 17 18 13 13 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
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Table A-la. (Continued) 
$ moisture 
1970 
Year N Depth April July Oct 
Plot applied (ft) I II I II I II 
7G (cont.) 
7H Every O-.5 26 27 28 28 
year .5-1 27 28 27 28 
30 
27 
16 
14 
16-17 
17-18 
18-19 
19-20 
0
1-2 25 29 29 
2-3 22 28 27 
3-4 15 25 20 
4-5 17 20 14 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
119 
% moisture 
1971 1972 
April July Oct April July Nov 
I II I II I II I II I II I II 
20 18 
21 19 
19 19 
20 19 
28 27 18 16 17 18 24 25 28 20 28 29 
28 29 20 23 17 21 25 27 21 24 27 28 
27 28 21 21 18 14 28 28 20 24 29 29 
24 25 21 22 15 14 26 27 20 22 27 29 
22 23 22 23 16 14 20 20 22 23 26 26 
21 21 22 22 18 18 19 19 23 23 23 28 
18 20 20 22 
18 20 16 22 
16 18 18 21 
16 17 17 17 
19 17 18 19 
19 18 17 20 
15 18 18 20 
18 16 19 18 
18 18 19 18 
16 19 19 17 
18 21 
20 18 
26 18 
19 20 
19 20 
Table A-lb. Inorganic N concentration of soil, 1970-1972, 
Western Iowa Experimental Farm 
Inorganic N (ppm) 
1220 
Year N Depth _AEî1L- _M1L_ _Oct 
Plot applied (ft) I II I II I II 
lA 
ID 1972 
2A 1971 
20 1971 
0-.5 
.5-1 
1-2 
ti 
4-5 
0-.5 
.5-1 
1-2 
2-3 
3-4 
H 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
0-.5 
.5-1 
1-2 
tl 
0-.5 
.5-1 
1-2 
2-3 
121 
' Inorganic N (-ppm) 
1971 1972 
April July Oct April July Nov 
: II I II I II I II I II I II 
16 3 3 6 
4 3 2 6 
0 0 1 2 
4 4 1 0 
0 0 6 1 
7 0 1 0 
8 9 22 23 3 5 
5 4 22 24 7 14 
2 0 55 10 . 8 13 
0 0 9 4 12 6 
0 3 0 3 3 10 
1 0 3 4 2 1 
0 0 
8 0 
1 5 
0 1 
0 1 
2 1 
1 2 
— — 1 
1 2 
0 3 
— — 1 
— — 0 
— — 2 
0 3 
™ — 0 
4 6 10 9 16 21 
7 6 12 9 4 18 
6 6 5 5 5 7 
4 7 4 3 5 5 
1 2 3 12 3 7 
4 — — 2 3 2 2 
15 12 15 33 
26 14 20 40 
8 10 6 9 
9 . 2 15 8 
Table A-lb. (Continued) 
Inorganic N (ppm) 
1220 
Year N Depth -A£ri]^ _JulL _OÇt 
Plot applied (ft) I II I II I II 
20 (cont.) 3-4 
4-5 
2D 1971 0-. 5 
.5-1 
1-2 
a 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
3A — 0-. 5 13 2 23 13 3 7 
.5-1 7 3 15 15 10 17 
1-2 2 1 10 34 9 21 
2-3 2 2 7 7 8 8 
. 3-4 5 7 8 6 2 2 
4-5 4 1 9 5 0 0 
3B 1970 0-.5 6 11 
.5-1 6 10 
1-2 1 4 
123 
; Inorganic N (pm) 
1971 1972 
April July Oct April July Nov 
[ II I II I II I II I II I II 
9 2 1 6 
6 0 2 2 
9 10 55 12 35 15 
6 10 69 29 81 33 
5 5 11 7 10 8 
8 8 3 2 5 3 
7 5 6 2 4 2 
2 3 3 1 1 0 
2 3 
5 1 
3 2 
0 7 
0 — — 
1 — — 
2 mm — 
2 — — 
1 —• — 
0 — — 
13 
14 
8 
8 
8 
3 
15 
10 
16 
8 
6 
3 
14 17 5 11 9 
13 12 8 6 - 10 
60 37 1 0 6 
43 35 1 2 1 
5 4 25 8 - 2 
0 0 21 5 - 12 
6 
0 
2 
0 
0 
0 
2 
2 
0 
2 
1 
0 
0 
1 
2 
Table A-lb. (Continued) 
Inorganic N (ppin) 
1970 
Year N Depth _Jul2L_ _Oct 
Plot applied (ft) I II I II I II 
3C 1970 
3D 1970 
4A 
4C 1972 
0-.5 10 11 
.5-1 6 — 
1-2 4 — — 
2-3 1 7 
3-4 0 — — 
4-5 
0-.5 9 7 13 17 
.5-1 4 4 34 52 
1-2 7 2 15 13 
2-3 2 4 17 6 
3-4 2 1 12 2 
4-5 — — — — 3 2 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
0-.5 12 7 10 7 8 9 
.5-1 7 3 13 20 3 5 
1-2 4 9 7 9 2 2 
2-3 14 2 7 5 0 2 
3-4 2 1 6 3 1 1 
4-5 2 3 2 5 0 1 
0-.5 7 5 8 13 4 4 
'5-1 6 3 11 10 4 4 
1-2 4 5 7 5 5 1 
2-3 1 2 6 8 3 1 
3-4 2 2 4 3 0 1 
125 
Inorganic N(t)r)m) ; 
1971 1972 
April July Oct April July Nov 
: II I II I II I II I II I. II 
29 21 13 12 10 19 - 16 
18 27 17 5 6 7 - 10 
15 29 4 2 4 0 11 
32 29 6 4 3 0 0 
24 18 13 0 0 8 5 
6 5 0 0 6 2 4 
0 
0 
2 
0 
0 
1 
1 
— 0 
3 
0 
7 
— 2 
1 
12 12 
9 6 I ^ 
1 3 
1 3 
7 15 
10 11 
6 9 
5 5 
3 5 
Table A-lb. (Continued) 
Inorganic N (ppm) 
Year N 
Plot applied 
Depth 
(ft) 
April July Oct 
I II I II I II 
4-5 2 1 1 5 1 6 
0-.5 5 6 
.5-1 7 15 
1-2 3 3 
2-3 1 3 
3-4 1 2 
4-5 1 16 
0-.5 12 10 10 11 24 3 
.5-1 12 5 9 10 5 10 
1-2 21 11 8 5 5 3 
2-3 8 7 7 5 6 3 
3-4 2 4 6 10 0 3 
4-5 11 4 6 6 1 1 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
0-.5 1 11 8 8 1 7 
.5-1 3 11 11 11 3 7 
1-2 0 5 4 7 2 6 
2-3 1 3 7 4 2 0 
3-4 5 2 2 6 1 3 
4-5 0 1 2 2 0 1 
0-.5 7 8 6 4 2 4 
.5-1 1 7 . 7 10 6 6 
1-2 3 6 6 10 4 3 
4c (cont.) 
4D 1972 
4E 1972 
5A 
50 1970 
127 
Inorganic N (ppm) 
1971 1222 
April July Oct April July Nov 
[ II I II I II I II I II I II 
0 0 
12 5 2 5 
2 7 5 5 
14 0 7 3 
5 0 2 3 
1 0 6 2 
0 0 12 0 
18 15 4 7 8 10 8 4 8 26 7 13 
8 12 4 5 1 6 5 5 20 79 10 15 
7 6 6 2 2 6 3 3 20 32 14 18 
9 9 6 4 5 1 6 2 6 10 17 1 
15 7 8 3 2 2 0 0 1 5 13 13 
2 4 4 4 1 1 0 0 6 4 1 8 
3 2 
0 0 
2 1 
2 0 
4 0 
4 2 
1 10 
2 0 
3 1 
1 0 
4 0 
0 1 
2 7 
1 0 
2 0 
12 11 4 6 14 4 3 8 1 2 
7 10 7 4 6 3 8 9 6 1 
10 4 4 1 3 1 3 2 4 6 
6 4 5 2 3 4 6 0 4 0 
2 2 2 2 2 2 5 2 5 0 
2 4 0 1 3 0 1 0 4 0 
5 7 7 8 9 5 14 6 3 4 
9 7 6 9 8 4 7 13 2 5 
6 9 6 11 12 4 2 2 2 0 
Table A-lb. (Continued) 
Inorganic N (ppm) 
1970 
Year N 
Plot applied 
April July Oct 
(ft) I II I II I . II 
2-3 1 3 4 8 7 2 
3-4 2 2 4 3 1 1 
4-5 2 3 3 4 0 0 
0-.5 5 9 
.5-1 5 5 
1-2 2 9 
2-3 1 1 
3-4 0 3 
4-5 3 1 
0-.5 6 5 20 30 8 8 
.5-1 1 11 70 61 6 5 
1-2 4 3 12 10 2 34 
2-3 2 3 3 6 27 1 
3-4 5 1 7 7 2 2 
4-5 2 1 8 6 0 0 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
0-.5 5 7 8 6 4 3 
.5-1 5 13 12 6 3 3 
1-2 1 3 8 5 2 3 
2-3 2 6 3 3 0 1 
3-4 0 2 3 2 1 1 
4-5 . 1 1 4 2 0 .1 
50 (cont.) 
5D 1970 
5E 1970 
6A 
129 
Inorganic N (ppm) 
April 
; II 
1971 
July 
II 
Oct 
II 
April 
; II 
1972 
July 
II 
Nov 
II 
6 6 5 30 4 0 14 0 0 8 
3 4 6 11 0 0 6 0 0 0 
1 3 7 5 4 1 0 1 0 1 
13 9 4 4 6 12 16 8 1 3 
11 10 4 1 2 8 7 13 2 0 
6 4 5 4 4 12 9 14 0 7 
15 7 5 4 4 4 2 4 0 10 
11 6 6 8 3 3 3 2 0 8 
6 2 5 1 1 1 0 1 0 4 
11 18 2 5 5 17 6 12 7 3 3 13 
12 9 4 3 4 10 10 10 0 2 1 4 
6 8 8 6 4 53 9 2 8 19 6 7 
18 19 29 2 18 76 71 20 9 1 3 3 
16 10 49 14 24 22 30 15 29 13 3 8 
3 4 13 2 5 6 12 5 26 10 43 8 
7 
2 
2 
0 
0 
0 
0 
0 
0 
0 
4 
9 
1 
8 
0 
2 
0 
0 
0 
2 
2 
1 
0 
5 
7 
6 
9 
4 
Table A-lb. (Continued) 
Inorganic N (ppm) 
Year N 
Plot applied 
Depth 
(ft) 
April July Oct 
I II I II I II 
0-.5 8 8 5 12 
.5-1 7 6 6 13 
1-2 3 5 7 6 
2-3 2 3 5 5 
3-4 0 3 4 6 
4-5 0 2 2 4 
0-.5 7 6 
.5-1 9 8 
1-2 3 4 
2-3 3 1 
3-4 0 2 
4-5 0 8 
0-.5 9 13 9 8 2 5 
.5-1 5 8 8 9 3 6 
1-2 4 6 5 7 5 4 
2-3 1 4 10 5 2 8 
3-4 5 6 8 9 3 2 
4-5 4 6 8 6 2 4 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
0-.5 6 6 10 6 2 11 
.5-1 8 7 11 10 4 3 
1-2 2 4 13 5 4 4 
2-3 0 3 7 6 1 1 
3-4 2 2 6 4 1 0 
6C 1971 
6D 1971 
6E 1971 
7A 
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Inorganic N (ppm) 
1971 1972 
April July Oct April July Nov 
I II I II I II I II I II I II 
4 1 
4 
3 
5 
18 
20 
9 
7 
2 
4 
g 
I 
4 
1 
5 
14 
5 
4 
3 
3 
99 57 27 40 12 10 4 10 5 3 
9 16 106 89 5 13 1 4 0 10 
25 28 21 13 10 53 2 4 0 7 
4 9 4 6 48 42 20 22 8 25 
3 3 3 4 5 10 28 20 8 33 
8 11 3 6 5 10 5 16 3 8 
3 4 2 3 
0 6 2 6 
2 5 3 6 
3 8 0 6 
3 15 10 8 
3 14 0 33 
6 — mm , 4 14 
4 — mm 7 6 
8 — — 27 6 
0 6 
10 5 
8 5 
17 3 
9 6 
6 2 
11 9 4 6 5 5 9 4 0 11 14 5 
9 11 4 4 5 6 5 6 1 2 1 4 
8 4 8 4 3 3 0 0 3 0 1 9 
4 1 9 4 3 2 0 0 7 3 4 4 
4 3 4 1 1 3 4 5 8 0 0 10 
Table A-lb. (Continued) 
Inorganic N (ppm) 
1220 
Year N Depth _Jul5L_ __QÇt 
Plot applied (ft) I II I II I II 
7A (cont.) 4-5 
11 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
7F 
7G 
Every 0-.5 8 9 23 12 4 5 
year .5-1 9 6 15 12 5 11 
1-2 6 6 9 9 0 8 
2-3 1 2 9 8 3 5 
3-4 0 0 8 4 0 1 
4-5 1 0 3 2 0 0 
Every 0-. 5 11 29 22 12 5 5 
year .5-1 13 7 51 34 3 4 
1-2 10 8 14 16 2 13 
2-3 5 4 10 10 29 15 
3-4 3 6 6 10 6 6 
4-5 5 4 4 5 5 9 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
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Inorganic N (-p-pm) 
1971 1972 
April July Oct April July Nov 
I II I II I II I II I II I II 
1 3 0 1 2 0 1 0 1 4 5 2 
3 1 0 0 
1 1 0 1 
3 1 0 3 
2 2 0 3 
0 4 10 2 
2 2 2 1 
4 3 0 4 
4 2 0 6 
1 2 0 0 
3 2 0 2 
7 0 
5 1 
0 4 
0 3 
2 0 
9 10 8 11 15 8 8 6 4 4 
10 10 4 5 7 9 8 5 0 7 
8 8 7 8 2 8 14 5 0 4 
9 12 4 11 2 5 3 12 2 5 
6 10 6 11 4 4 0 8 4 11 
4 2 6 4 1 1 2 1 1 8 
20 15 28 9 9 4 8 10 2 11 4 6 
7 10 41 27 20 30 4 9 10 12 5 10 
10 18 10 12 5 11 6 10 14 7 1 14 
29 20 22 15 17 14 18 26 7 16 3 26 
24 18 33 20 15 25 27 16 20 24 7 76 
10 12 24 22 12 18 9 13 29 24 44 19 
40 10 
11 6 
5 12 
6 14 
11 12 
20 14 
1 12 
22 12 
29 13 
18 8 
17 12 
Table A-lb. (Continued) 
Inorganic N (ppm) 
1970 
Year N Depth April July Oct 
Plot applied (ft) I II I II I II 
7G (cont.) 16-17 
17-18 
18-19 
19-20 
7H Every 0-.5 10 16 3 8 
year .5-1 20 9 5 16 
1-2 38 26 28 45 
2-3 9 19 6 25 
3-4 27 30 24 13 
4-5 42 45 7 32 
t1 
7-8 
8-9 
9-10 
10-11 
11-12 
12-13 
13-14 
14-15 
15-16 
16-17 
17-18 
18-19 
19-20 
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Inorganic N (ppiri) 
1971 1972 
April July Oct April July Nov 
; II I II I II I II I II I II 
10 6 
4 5 
1 4 
20 23 61 43 60 78 7 23 12 24 0 11 
9 13 126 118 119 169 18 35 55 36 2 13 
7 18 23 44 14 50 69 94 22 58 3 25 
2:5 30 54 53 30 45 69 93 26 58 29 81 
23 96 60 50 44 63 47 55 60 26 105 
49 37 60 51 55 95 55 50 45 46 37 54 
35 38 26 18 
28 31 20 17 
18 21 17 33 
16 14 18 33 
16 10 12 39 
12 10 14 28 
9 5 10 17 
9 6 19 8 
10 6 13 12 
7 5 10 5 
14 33 
5 10 
0 16 
31 27 
26 34 
Table A-2a. Gravimetric soil moisture content, 1970-1972, 
Agronomy Experimental Farm (Webster clay loam) 
jo moisture 
1970 
Plot 
Year N 
applied 
Depth 
(ft) 
April July Oct 
I III I III I III 
1 0-.5 28 19 17 11 30 24 
.5-1 29 29 20 14 30 23 
1-2 30 20 20 14 29 22 
2-3 26 19 21 14 25 18 
3-4 24 18 18 16 23 21 
4-5 23 17 18 17 19 19 
2 1970 & 0-.5 29 26 
1972 .5-1 29 25 
1-2 26 22 
2-3 23 21 
3-4 26 18 
4-5 25 17 
3 1970 & 0-. 5 24 24 13 13 27 29 
1972 .5-1 24 25 15 15 26 26 
1-2 22 23 15 16 21 23 
2-3 19 20 13 17 19 20 
3-4 19 20 15 17 20 19 
4-5 19 20 18 17 20 26 
4 1970 & 0-.5 22 26 
1972 .5-1 24 26 
1-2 23 26 
2-3 25 22 
3-4 18 21 
4-5 18 20 
5 1970 & 0- • 5 22 24 13 12 26 26 
1972 • 5-1 30 25 15 13 23 26 
1-2 22 22 13 15 21 23 
2-3 18 18 12 15 18 19 
3-4 19 17 15 19 18 19 
4-5 18 17 19 17 17 18 
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• ^ moisture 
1971 1972 
April July Oct April July 
III I III I III I III I III 
26 17 19 14 31 21 29 23 
30 21 20 15 32 24 30 23 
26 19 19 14 26 22 26 20 
23 18 18 12 23 19 23 18 
19 18 15 14 19 16 20 17 
19 20 16 16 17 18 19 17 
26 21 
30 23 
27 21 
26 22 
26 19 
25 18 
23 21 24 24 24 24 
24 25 27 26 22 24 
19 24 21 22 18 21 
18 21 17 21 16 18 
18 21 15 17 16 19 
22 25 16 20 17 21 
22 19 15 15 27 25 25 25 
26 25 15 16 28 25 26 23 
25 23 14 20 24 25 22 22 
25 23 12 15 24 25 22 21 
20 23 12 17 21 31 18 21 
21 24 15 18 18 24 18 21 
21 20 19 .21 13 16 23 23 23 24 
22 24 21 24 13 15 23 26 22 25 
21 22 20 23 11 14 20 27 19 24 
19 20 16 19 10 12 16 18 15 20 
19 18 16 17 15 13 14 15 16 17 
18 11 17 18 15 15 15 16 17 17 
Table A-2a. (Continued) 
moisture 
1970 
Year N Depth July _Oct 
Plot applied (ft) II IV II IV II IV 
1971 
1971 
1971 
0-.5 22 24 
.5-1 30 25 
•1-2 19 21 
2-3 16 27 
3-4 18 18 
4-5 18 17 
5-6 
6-7 
7-8 
8-9 
9-10 
0-.5 23 24 
.5-1 22 27 
1-2 20 26 
2-3 18 21 
3-4 17 20 
4-5 16 19 
0— « 5 32 28 
.5-1 30 31 
1-2 29 29 
2-3 26 28 
3-4 22 28 
4-5 20 26 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
O-.5 20 27 
.5-1 23 27 
1-2 21 25 
2-3 17 24 
3-4 17 23 
4-5 16 22 
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% moisture 
1971 1972 
April July Oct April July 
II IV II IV II IV II IV II IV 
21 19 21 20 17 19 22 24 24 25 
23 23 22 23 21 16 24 25 23 24 
22 21 20 20 16 15 21 22 20 21 
18 19 18 17 22 12 18 17 19 16 
17 19 18 18 18 14 19 16 19 16 
17 17 17 17 17 19 21 . 16 19 16 
16 15 
16 15 
16 16 
16 
17 
18 21 
22 26 
20 22 
18 19 
17 16 
17 17 
26 21 27 24 20 23 
• 28 28 27 27 20 19 
27 28 25 28 19 21 
28 28 24 28 19 21 
26 23 23 27 21 30 
21 22 22 27 19 21 
17 22 
17 22 
17 23 
17 18 
16 
1 r, 
16 
16 
.19 21 
22 27 
20 25 
19 23 
19 22 
18 26 
Table A-2a. (Continued) 
Year N Depth 
Plot applied (ft) 
0-.5 25 23 
.5-1 25 28 
1-2 26 27 
2-3 22 27 
3-4 21 28 
4-5 22 26 
5-6 
6-7 
7-8 
8-9 
9-10 
April 
II IV 
jo moisture , • 
1970 
July Oct 
II IV II IV 
141 
% moisture 
1971 1972 
April July Oct April July 
II IV II IV II IV II IV II IV 
21 22 21 21 21 20 21 26 26 25 
26 26 23 25 17 20 25 29 23 27 
25 24 23 26 17 20 23 26 22 19 
24 24 21 25 17 22 28 22 21 20 
21 23 24 21 20 21 19 18 22 22 
23 30 29 29 11 25 19 19 21 21 
17 19 
17 21 
17 23 
16 24 
16 
Table A-2b. Inorganic N concentration of soil, 1970-1972, 
Agronomy Experimental Farm (Webster clay loam) 
Inorganic N(ppm) 
1970 
ïear N Depth 
Plot applied (ft) I III I III I III 
1 0-.5 12 26 5 7 7 3 
.5-1 27 15 4 4 8 4 
1-2 12 8 5 5 3 2 
2-3 5 4 6 7 2 3 
3-4 7 5 8 5 5 2 
4-5 2 4 7 5 6 4 
2 1970 & 0-.5 20 9 
1972 .5-1 13 4 
1-2 15 5 
2-3 7 2 
3-4 3 2 
4-5 4 2 
3 1970 & 0-.5 11 11 12 13 8 9 
1972 .5-1 12 11 15 13 7 5 
1-2 18 4 16 12 3 2 
2-3 21 3 15 7 8 4 
3-4 11 2 9 4 10 2 
4-5 10 4 6 3 11 3 
4 1970 & 0-.5 10 8 
1972 .5-1 22 3 
1-2 9 7 
2-3 7 3 
3-4 7 1 
4-5 5 4 
5 1970 & 0-.5 16 13 128 145 13 5 
1972 .5-1 8 13 98 71 8 6 
1-2 11 10 18 15 5 6 
2-3 11 6 10 11 10 24 
3-4 7 7 9 11 35 27 
4-5 6 7 15 13 20 12 
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Inorganic N (ppm ) 
1971 1972 
April July Oct April July 
I III I III I III I III I III 
9 9 9 26 2 11 2 3 
8 6 11 5 2 3 10 0 
2 4 2 3 0 2 0 12 
2 1 3 15 1 1 1 0 
1 1 9 9 0 2 0 3 
2 0 0 4 0 0 0 0 
16 11 
8 6 
3 2 
3 3 
5 2 
3 0 
10 6 10 5 7 20 
7 5 10 5 0 0 
4 2 2 5 1 1 
5 1 0 0 0 1 
8 3 3 1 4 0 
6 2 2 0 0 0 
13 10 9 7 11 5 31 23 
10 20 11 3 7 10 8 14 
9 1 4 9 3 7 1 1 
12 2 8 0 6 0 0 1 
8 1 8 1 11 0 0 7 
6 2 5 10 5 0 0 1 
17 13 8 7 13 6 13 7 40 40 
11 7 7 5 6 3 12 12 54 35 
6 13 9 9 7 2 4 8 30 60 
23 25 21 24 30 10 13 14 10 12 
35 26 18 24 22 32 22 24 17 24 
4 12 12 17 13 11 14 13 24 20 
Table A-2b. (Continued) 
Inorganic N (ppm ) 
1970 
Year N Depth _JulZ_ _Oçt 
Plot applied (ft) II IV II IV II IV 
1971 
1971 
1971 
0-.5 10 12 
.5-1 8 7 
1-2 6 5 
2-3 4 6 
3-4 3 4 
if-5 4 5 
5-6 
6-7 
7-8 
8-9 
9-10 
0-.5 16 9 
.5-1 9 12 
1-2 13 16 
2-3 10 12 
3-4 5 10 
4-5 6 8 
0-.5 13 14 
.5-1 10 10 
1-2 7 2 
2-3 5 6 
3-4 1 4 
4-5 3 2 
5-6 
6-7 
7-8 
8-9 
9-10 
10-11 
11-12 
0-.5 15 11 
.5-1 8 7 
1-2 12 5 
2-3 10 5 
3-4 4 15 
4-5 5 4 
1^5 
Inorganic N(ppm) 
mi i222 
April July Oct April July 
II IV II IV II IV II IV II IV 
12 12 7 6 4 10 14 15 2 9 
10 14 5 5 4 3 4 2 1 3 
7 5 4 3 1 0 0 5 0 6 
1 4 2 4 2 0 0 0 0 0 
0 1 2 2 4 0 0 3 0 0 
0 0 3 3 0 2 1 2 1 0 
3 0 
0 2 
0 0 
0 
2 
9 8 
7 9 
4 4 
1 1 
0 1 
3 4 
10 9 10 12 5 11 
5 6 12 9 2 4 
2 6 7 6 2 1 
0 2 3 3 0 0 
3 1 1 0 0 0 
2 2 2. 4 0 1 
0 0 
0 1 
0 0 
0 1 
0 0 
0 — — 
0 — — 
7 10 
8 11 
2 2 
1 5 
2 4 
1 3 
Table A-2b. (Continued) 
Inorganic N fcpm) • 
• 1970 
Year N Depth -A£ril_ Jnly _Oct 
Plot applied (ft) II IV II IV II IV 
1971 0- .5  7 24 
.5-1 6 13 
1-2 4 7 
2-3 2 8 
3-4 4 5 
4-5 2 3 
5-6 
6-7 
7-8 
8-9 
9-10 
147 
Inorganic N fepm ) 
• 1971 1972 
April July Oct April July 
II IV II IV II IV II IV II IV 
7 11 67 73 54 110 10 19 4 5 
6 7 71 84 34 123 16 12 2 3 
2 3 28 37 34 26 45 62 0 2 
1 5 8 5 2 0 56 50 4 29 
0 0 3 3 1 5 6 6 6 12 
0 0 2 4 0 3 3 0 7 9 
0 0 
0 5 
0 0 
1 4 
1 — — 
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Table A-3. pH values, available phosphorus and exchangeable 
potassium concentrations of Western Iowa Experi­
mental Farm (Napier silt loam sampled on 7-7-70) 
F (pp2m) K (pp2m) 
Plot (ft) I II I II I II 
3A 
3Û 
4A 
4C 
4E 
5A 
0-.5 6.5 6.1 79 48 365 294 
.5-1 6.8 6.1 46 70 236 4 04 
1-2 6.9 6.5 23 20 .214 262 
2-3 7.0 6.6 22 19 180 195 
3-4 7.2 6.7 23 26 154 123 
4-5 7.0 6.9 30 67 88 90 
0-.5 7.3 6.0 51 76 304 272 
.5-1 7.5 6.4 19 15 234 174 
1-2 7.6 6.9 18 23 219 214 
2-3 7.6 6.6 19 14 214 142 
3-4 7.5 6.9 20 34 204 78 
4-5 7.4 6.9 32 45 170 68 
0-.5 6.6 6.5 62 52 391 218 
.5-1 6.9 6.7 50 33 349 200 
1-2 7.1 6.8 19 18 220 161 
2-3 7.0 6.8 21 14 208 143 
3-4 6.9 6.8 22 17 193 117 
4-5 6.9 7.1 31 31 115 93 
0-.5 7.6 6.4 59 50 233 266 
.5-1 7.7 6.5 33 32 212 196 
1-2 7.8 6.1 19 54 203 363 
2-3 7.7 6.8 27 19 189 148 
3-4 7.5 6.9 18 20 172 136 
4-5 7.0 6.8 34 29 106 106 
0-.5 6.7 6.3 39 40 281 263 
.5-1 6.8 7.0 42 11 264 124 
1-2 7.3 7.4 20 60 180 262 
2-3 7.2 7.0 21 12 160 129 
3-4 7.1 7.2 22 16 I47 125 
4-5 6.9 7.0 39 29 123 85 
0-.5 7.8 6.4 19 63 76 254 
.5-1 7.4 6.3 46 83 212 658 
1-2 7.6 6.8 32 18 192 164 
2-3 7.7 6.8 23 16 174 184 
3-4 7.5 6.8 24 24 112 170 
4-5 7.2 6.9 31 " 49 84 76 
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Table A-3. (Continued) 
Depth PH P (pp2m) K (pp2m) 
Plot (I?) I II I II I II 
50 0-. 5 
.5-1 
1-2 
il 
4-5 
5E 0-.5 
.5-1 
1-2 
2-3 
6A 0-.5 
.5-1 
1-2 
2-3 
3-4 
4-5 
6c 0- .5  
.5-1 
1-2 
2-3 
3-4 
4-5 
6E 0-.5 
.5-1 
1-2 
2-3 
3-4 
4-5 
7A 0-.5 
.5-1 
1-2 
2-3 
6.8 
6.7 
6.8 
6.7 
6.8 6.4 
6.1 
6.6 8.4 
5.9 
6.7 
6.7 
6.8 
7.3 6.8 
7.1 6.4 
7.4 6.4 
7.6 6.7 
7.6 6.7 
7.7 6.7 
7.4 7.0 
7.6 6.1 
7.7 6.3 
7.8 6.6 
7.6 6.8 
7.2 6.9 
7.2 6.9 
6.8 6.0 
6.9 6.3 
7.4 6.8 
7.7 6.8 
7.3 6.8 
7.4 6.7 
6.9 6.6 
7.1 6.6 
7.1 6.9 
7.2 7.1 
7.2 7.1 
7.1 7.0 
41 
37 
19 
13 
22 19 
37 
35 5 
31 
20 
15 
29 
37 49 
87 58 
60 28 
18 17 
17 13 
18 17 
40 29 
89 47 
29 38 
13 19 
18 14 
23 30 
43 30 
42 40 
44 61 
24 18 
14 15 
32 16 
45 36 
50 42 
32 48 
26 13 
18 16 
25 13 
47 26 
281 
339 
231 
203 
136 209 
224 
226 185 
340 
196 
108 
134 
94 158 
310 328 
262 312 
165 172 
129 157 
119 152 
85 118 
252 448 
197 459 
167 195 
143 151 
117 145 
79 87 
223 433 
152 406 
145 163 
120 157 
66 122 
71 107 
288 223 
242 306 
246 166 
219 147 
168 110 
99 86 
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Table A-3. (Continued) 
Plot 
Depth 
(ft) 
PH P (pp2m) K (pp2m) 
I II I II I • II 
7 F 0-.5 6.5 6.2 50 36 470 233 
.5-1 6.8 6.3 43 44 298 308 
1-2 7.5 6.9 16 17 193 166 
2-3 7.1 6.9 20 14 212 147 
3-4 7.0 6.9 23 19 158 110 
4-5 6.9 6.9 27 31 108 86 
7G 0-.5 7.2 6.1 48 54 260 363 
.5-1 7.4 6.1 14 39 195 283 
1-2 7.8 6.7 21 14 196 163 
2-3 7.9 7.8 16 19 165 76 
3-4 7.6 6.8 23 20 129 158 
4-5 7.1 6.8 34 29 88 120 
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Table A-4. pH values, available phosphorus and exchangeable 
potassium concentration at Agronomy Experimental 
Farm (Webster clay loam sampled in April 1970) 
Plot 
Depth 
(ft) 
PH P (T)p2m) K (pp2m) 
I III I III I III 
1 0-.5 6.5 6.0 42 10 147 96 
.5-1 6.3 6.7 23 7 129 64 
• 1-2 6.1 6.8 8 5 82 49 
2-3 6.5 8.1 7 4 43 43 
3-4 7.9 8.5 6 4 4 40 
2 0-.5 6.2 6.7 40 7 145 96 
.5-1 6.7 6.4 9 6 56 39 
1-2 6.8 6.9 9 5 55 46 
2-3 7.4 8.1 8 3 51 43 
3-4 7.9 8.5 7 4 47 54 
3 0-.5 6.3 9 81 
.5-1 6.4 10 72 
1-2 7.2 5 50 
2-3 7.7 4 44 
3-4 8.4 7.9 4 4 51 44 
4- 0-.5 6.6 9 79 
.5-1 6.7 8 68 
1-2 7.1 5 50 
2-3 7.2 7.5 4 4 42 . 45 
3-4 7.9 7 28 
5 0-.5 6.9 8 90 
.5-1 6.4 5 43 
1-2 6.3 5 41 
2-3 8.5 4 33 
3-4 8.5 5 41 
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Table A-4. (Continued) 
Plot 
Depth 
(ft) 
PH P (pp2in) K (pp2m) 
II IV II IV II IV 
1 0-.5 6.1 6.0 8 7 74 55 
.5-1 6.4 6.1 6 5 71 48 
1-2 6.8 6.6 5 6 40 43 
2-3 8.3 8.0 3 5 42 32 
3-4 8.5 8.5 3 3 44 43 
2 0-.5 6.4 6.2 9 9 108 72 
.5-1 6.5 6.1 6 8 40 45 
1-2 6.9 5.9 4 5 42 44 
2-3 8.2 6.7 3 5 37 48 
3-4 8.6 7.8 3 4 47 29 
3 0-.5 6.4 10 72 
.5-1 7.0 8 59 
1-2 7.2 6.8 7 7 56 82 
2-3 7.4 4 34 
3-4 8.2 7.5 5 5 47 60 
4 0-.5 6.1 6.3 7 13 57 138 
.5-1 6.2 6.4 6 8 44 117 
1-2 7.6 6.8 5 9 37 85 
2-3 8.4 7.0 3 8 34 67 
3-4 8.5 8.5 5 3 40 30 
5 0-.5 6.2 6.0 10 9 82 79 
.5-1 6.5 6.3 6 8 45 64 
1-2 6.8 6.6 3 5 60 72 
2-3 7.1 7.0 5 6 44 74 
3-4 8.4 8.4 4 5 • 4? 50 
Table A-5. Yield of dry matter, i» total N and yield of N in 
corn stover and grain, 1971 and 1972, Western 
Iowa Experimental Farm (oven-dry basis) 
Dry wt (lb/A) 
Year 
of 
Plot Crop trt 
Treat­
ment 
(lb N/A) Rep 
Stover 
1971 1972 
Grain 
1971 1972 
lA COM 1972 0 I  6448 6529 
II  4820 6320 
B 40 I  7361 6890 
II  7872 7191 
C 80 I  5897 7058 
II  6906 7O8I 
D 160 I  6I31 6955 
II  8337 7412 
2A COM 1971 0 I  2810 5269 
II  4284 5870 
B 40 I  4526 6996 
II  4437 6371 
C 80 I  4380 7095 
II  5586 5733 
D 160 I  3136 5978 
II  3706 5127 
4A CC 1972 0 I  3764 5788 3250 3807 
II  2986 4127 1769 2584 
C 40 I  3346 7194 3718 4169 
II  3865 5640 1164 5294 
D 160 I  3033 5082 4o68 6621 
II  3428 6841 1797 6312 
E 320 I  3628 7239 5591 6212 
II  4280 6534 2076 6296 
5A CC 1970 0 I  3871 3324 2682 2763 
II  4231 4169 1793 3484 
c 80 I  4384 3668 3477 3081 
II  3862 3452 4754 3621 
D 160 I  4504 3512 6069 4711 
II  4792 4479 5298 4264 
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^ Yield of N (lb/A) 
Stover Grain Stover Grain Total 
1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 
0.77 1.24 50 81 131 
0.65 1.28 31 80 111 
0.85 1.37 63 94 157 
1.09 1.54 • 86 112 198 
0.89 1.35 52 95 147 
1.13 1.48 78 105 183 
1.19 1.38 73 96 169 
1.28 1.55 107 115 222 
0.79 1.48 22 97 119 
0.84 1.76 36 103 139 
0.90 1.71 41 • 114 155 
0.96 1.76 43 112 155 
1.02 1.80 45 128 173 
0.97 1.77 54 101 155 
0.78 1.78 24 106 130 
1.15 1.88 43 96 139 
0.44 0.53 1.16 0.91 17 31 38 35 55 66 
0.50 0.56 1.20 1.18 15 23 21 30 36 53 
0.38 0.56 1.19 1.21 13 40 44 50 57 90 
0.52 0.64 1.35 1.33 20 36 16 70 36 106 
0.41 0.71 1.18 1.30 12 36 48 86 60 124 
0.43 0.93 1.18 1.47 15 66 21 93 36 159 
0.43 0.87 1.33 1.55 16 63 74 96 90 159 
0.61 1.21 1.12 1.65 26 79 23 104 59 183 
0.4.5 0.36 1.13 1.14 17 12 30 32 47 44 
OA? 0.53 1.15 1.15 20 22 20 40 40 62 
0.47 0.46 1.32 1.02 21 17 46 31 67 48 
0.43 0.54 1.29 1.15 17 19 61 42 77 61 
0.34 0.63 1.42 1.08 15 22 86 51 101 73 
0.53 0.65 1.53 1.30 25 29 81 55 106 84 
Table A-5. (Continued) 
Year 
of 
Treat­
ment 
Dry wt (lb/A) 
Stover Grain 
Plot Crop trt (lb N/A) Rep 1971 1972 1971 1972 
5E CC 1970 320 I 
II 
4376 
3929 
6371 
4636 
6840 
5501 
6192 
5893 
6a CC 1971 0 I 
II 
3739 
3915 
3947 
3929 
3921 
1648 
3739 
3544 
c 80 I 
II 
3848 
3161 
4290 
4929 
5823 
4768 
3980 
4351 
D 160 I 
II 
4774 
5049 
4514 
4336 
7161 
5752 
5757 
5571 
E 320 I 
II 
3486 
4742 
6222 
5640 
6324 
6163 
6890 
6923 
7A CC Every 
year 
0 I 
II 
3770 
3974 
6197 
3891 
4134 
2379 
3897 
3302 
F 80 I 
II 
5389 
3615 
8792 
5651 
6688 
6381 
6792 
6457 
G 160 I 
II 
5274 
3688 
6282 
7286 
7190 
6598 mi 
H 320 I 
II 
4300 
4457 
6399 
8119 
6915 
6617 
6830 
6953 
156 
% N Yield of N (lb/A) 
Stover Grain Stover Grain Total 
1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 
0.63 0.84 1.63 1.40 28 54 112 87 140 141 
0.69 0.89 1.73 1.38 27 41 95 81 112 122 
0A3 0.48 1.20 1.15 16 19 47 43 63 61 
0.49 0.59 1.18 1.14 19 23 19 40 38 63 
0.59 0.49 1.53 1.01 23 21 89 40 112 61 
0.64 0.69 1.44 1.23 20 34 69 54 89 88 
0.96 0.59 1.76 1.27 46 27 126 73 172 100 
0.80 0.85 1.63 1.34 40 37 94 75 134 112 
1.01 0.85 1.70 1.35 35 53 107 93 142 146 
0.99 0.70 1.47 1.45 47 40 91 100 138 140 
0.32 0.60 1.28 0.99 12 37 53 39 65 76 
0.40 0.57 1.15 1.09 16 22 27 36 43 58 
0.76 0.83 1.46 1.32 41 73 98 89 139 162 
0.68 1.00 1.67 1.52 25 56 107 98 162 154 
0.91 0.89 1.68 1.28 48 56 121 96 169 152 
0.86 1.27 1.67 1.55 32 92 110 99 142 191 
1.78 1.17 1.47 1.49 76 75 102 102 178 177 
1.88 1.51 1.86 1.59 84 123 123 111 207 234 
Table A-6. Yield of dry matter, ^ total N and yield of N in 
corn stover and grain, 1971 and 1972, Agronomy 
Experimental Farm (oven-dry basis) 
Year Treat-
of ment 
Plot Crop trt (lb N/A) Rep 
1 cc 1970. 
1972 
0 I 
III 
2 75 I 
III 
3 150 I 
III 
4 300 I 
III 
5 600 I 
III 
1 cc 1971 0 II 
IV 
2 75 'II 
IV 
3 150 II 
IV 
4 300 II 
IV 
5 600 II 
IV 
Dry wt (lb/A) 
Stover Grain 
1971 1972 1971 1972 
3497 3162 3037 3327 
3958 4970 3396 3913 
3500 5401 3127 5383 
4330 5974 2734 5408 
4169 6589 4503 8199 
3272 6119 2772 7195 
3705 7386 5615 7502 
3565 774-4 3349 7744 
3720 8367 5716 9012 
2507 7391 5780 8224 
4322 6007 3973 3868 
308I 5389 5094 4958 
3244 5627 5424 4578 
3328 5880 4536 5319 
3036 4323 4664 3787 
2889 3745 4612 3834 
4357 7678 6069 8083 
3952 6386 5879 8049 
3312 6790 5302 7824 
4017 5824 5118 809I 
158 
o Yield of N (lb/A) 
Stover Grain Stover Grain Total 
1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 
0.31 0.65 1.61 11 20 49 60 
0.54 0.65 1.20 21 32 41 62 
0.48 0.50 1.91 17 27 60 77 
0.60 0.50 1.75 . 26 30 48 74 
0.52 0.68 1.51 22 45 70 92 
0.53 0.75 1.43 17 46 40 57 
0.81 1.09 1.89 30 80 106 136 
0.35 1.15 1.28 12 80 43 55 
0. 66 1.28 1.66 26 107 95 120 
0.78 1.51 1.38 20 112 119 139 
0.44 0.30 1.34 19 18 53 72 
0.54 0.59 1.77 17 32 90 107 
0. 58 0.47 1.78 19 26 96 115 
0.79 0.65 1.28 26 38 56 82 
0.73 0.24 1.30 22 10 61 83 
0.61 0.40 1.24 18 15 57 75 
0.96 0.77 1.91 42 59 116 158 
0.86 0.98 1.84 34 63 108 142 
0.90 0.88 1.41 30 60 75 105 
1.01 0.94 1.64 41 55 84 125 
Table A-7. Com grain yields from 195^ to 1972 at the We stem Iowa Experimental 
Farm as influenced by cropping practices and N fertilizer applications 
Year 
Com grain yields (bu/A, 15.5% HgO) 
Fertilizer N on corn (Ib/A)^ Fertilizer N each year (Ib/A)^ 
0 20 40 80 0 40 80 160 
COM rotation - Trt. 1. 2 and 3 Continuous corn - Trt. 7. 
1954 109.4 104.0 106.3 105.1 111.2 113.3 115.0 112.3 
1955 23.1 19.8 12.5 17.1 8.1 2.9 0.8 3.6 
1956 38.3 38.6 45.9 33.6 54. 0 46. 7 41.7 49.0 
1957 109.1 113.3 103.3 104.2 113.1 107.4 92.8 104.7 
1958 122.1 127.4 112.4 122.7 126.7 136.6 125.7 130.0 
1959 143.2 136.1 138.9 131.6 87.1 119.8 128.9 127.2 
i960 104.3 127.9 128.2 125.0 86.2 108.3 122.4 124.7 
1961 116.8 125.4 123.7 116.5 87.7 113.5 123.0 123.5 
1962 131.2 122.6 136.4 139.8 79.7 104.9 126.3 119.7 
1963 143.4 143.6 139.5 142.2 72.2 99.8 116.0 118.0 
1964 120.0 127.5 116.6 131.2 83.0 99.6 102.2 101.2 
1965 116.7 114.2 115.1 114.4 86.2 96.2 107.1 103.8 
1966 114.7 120.3 132.6 127.9 45.6 64.2 100.4 95.4 
1967 110.0 89.7 110.4 103.7 93.4 100.8 110.4 113.7 
1968 99.8 104.8 118.6 102.3 77.3 93.4 97.9 87.3 
1969 122.1 107.1 107.8 123.3 83.7 120.6 116.6 128.7 
1970 29.4 12.4 10.3 1.8 38.0 59.0 39.9 36.8 
1971 117.7 141.2 135.5 117.3 66.8 138.1 145.7 143.0 
1972 134.5 148.8 148.7 151.8 76.1 140.0 146.8 145.6 
Total 2005.8 2024.7 2042.7 2011.5 1478.1 I865.I 1958.6 1968.2 
Total/3 668.6 674.9 680.9 670.5 
fertilizer rates for 1954 to 1969. Rates from 1970 to 1972 were twice the 
amounts shown. 
Table A-?. (Continued) 
Com grain yield (bu/A, 15'5% HgO ) 
Fertilizer N every 3rd year (Ib/A)^ 
Year 0 40 80 160 0 40 80 160 
Continuous com - Trt. 4 Continuous corn - Trt. 5 
195^ 86.1 94.4 96.2 89.0 115.9 113.8 117.7 119.6 
1955 15.1 10.2 8.8 9.0 5.8 6.6 10.8 6.7 
1956 52.4 46.3 39-9 55. 6 33.0 33.4 33.7 38.0 
1957 100.7 111.2 101.1 94.6 104.2 108.3 106.6 105.5 
1958 126.5 134.7 130.5 131.9 117.6 126.1 131.7 135.9 
1959 92.8 95.3 94.9 95.7 91.5 94.3 110.8 118.9 
i960 67. 7 98. 0 124.8 112.2 91.0 79.1 90.6 100.4 
1961 75.^ 75.4 70.8 102. 5 95.5 96.4 118.9 125.9 
1962 68.5 71.2 73.2 80.3 89.4 95.4 99.6 117.6 
1963 68.7 88.2 104.7 104. 0 79.4 70.2 82.7 89.4 
1964 61.0 63.4 64.0 69.0 69.8 93.8 95.9 99.8 
1965 87.4 89.2 82.4 89.4 77.5 82.2 92.4 90.9 
1966 42.4 75.4 94.2 82.4 38.2 48.2 38.3 49.7 
1967 79.0 77.7 84.6 91.2 74.2 100.3 117.9 109.5 
1968 57.5 60.5 70.1 82.9 61.5 68.2 84.4 93.0 
1969 75.1 99.4 108.6 123.6 57.7 68.0 66, 0 91.7 
1970 42.4 46.0 64.9 17.4 46.2 46.8 35.8 44.6 
1971 53.2 51.6 62.0 81.0 47.3 87.0 120.1 130.4 
1972 68.6 100.0 136,6 132.2 66. 0 70.8 94.8 127.7 
Total 1320.5 1488.1 1612.3 1643.9 1361.7 1488.9 1653.7 1795.0 
Av. of 
Trt. 4, 
5, 6 1376.1 1520.5 1650.1 1747.2 
Table 
Year 
1954 
1955 
1956 
1957 
1958 
1959 
i960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
Total 
(Continued) 
Corn grain yield (bu/A, 15-5% H^O) 
fertilizer N every 3rd year (Ib/A)^ 
0 40 80 160 
Continuous corn - Trt. 6 
85.0 97.6 94.6 94.9 
2.7 7.7 2.6 7.7 
43.4 47.4 52.1 32.9 
106.0 103.7 107.8 103.1 
138.7 121.0 130.3 140.0 
103.8 102.0 128.1 129.5 
106.7 86.7 106.4 109.1 
88.6 101.5 77.5 93.4 
86.5 122.6 114.0 113.0 
74.8 67.7 73.5 98.1 
78.3 80.5 74.0 79.0 
83.5 93.7 106.0 103.3 
40.5 44.8 43.3 75.3 
92.6 95.6 94.1 102.2 
59.7 91.0 108.2 94.7 
64.4 79.5 104.0 113.0 
60.2 39.8 7.2 35.8 
58.8 111.9 136.4 131.9 
72.0 89.9 119.2 146.0 
1446.2 1584.6 1684.3 1802.9 
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Table A-8. AOV. Inorganic N concentration (ppm) in Napier 
silt loam at 0-5 feet depth receiving 0, 80, 160 
and 320 lb fertilizer N/A each year under con­
tinuous com 
Source df MS F 
Total 359 
Rep 1 905.7 4.87* 
Treatment 3 28724.7 154.52^* 
Depth 4 262.5 1.41 
Month 2 852.8 4.59* 
Year 2 1650.1 8.83** 
Error 3^7 185.9 
•Significant at 0.05 level. 
••Significant at 0.01 level. 
Table A-9. AOV. Inorganic N concentration (ppm) in Napier 
silt loam at 0-5 feet depth in plots receiving 320 
lb of fertilizer N every 3rd year in alternate 
years; the plots were under continuous com 
Source df MS F 
Total 279 
Rep 1 7.6 0.06 
Plots (year N applied) 2 684.9 5.io*^ 
Depth 4 416.2 3.10^ 
Month 2 260.1 1.80 
Year (from N 
application) 2 267.7 1.99 
Error 269 134.2 
•Significant at 0.05 level. 
••Significant at 0.01 level. 
163 
Table A-10. AOV. Inorganic N concentration (ppm) in Napier 
silt loam at 0-5 feet depth in com-oat-meadow 
rotation plots planted with corn on alternate 
years but with no fertilizer N added 
Source df MS F 
Total 89 
Rep 1 5.4 0.30 
Month 2 64.7 3.70* 
Plot (year) 2 199.7 11.74** 
Month X plot 4 62.1 3.55* 
Depth 4 105.4 5.02** 
Error 76 17.5 
^Significant at 0.05 level. 
^^Significant at 0.01 level. 
Table A-11. AOV. Inorganic N concentration (ppm) in Napier 
silt loam at 0-5 feet depth in com-oat-meadow 
rotation plots receiving l60 lb of fertilizer 
N/A with the com crop plots 
Source df MS F 
Total 89 
Rep 1 240.0 2.99 
Month 2 1334.8 16.64** 
Year (plot) 2 170.9 2.13 
Depth 4 907.7 11.30** 
Error 80 80.2 
••Significant at 0.01 level. 
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Table A-12. AOV. Inorganic N content of Napier silt loam at 
5-15 ft of control continuous com plot with re­
lation to year of sampling and depth (plots 7A, 
sampled July 1971 and November 1972) 
Source df MS F 
Total 39 
Rep 1 1.2 0.16 
Year 1 2.3 0.31 
Depth 9 3.28 0.44 
Year x depth 9 4.26 0.57 
Error 19 7.45 
Table A-I3. AOV. Inorganic N content of Napier silt loam at 
5-15 ft plots receiving I60 lb N/A from 195^ to 
1969 on continuous com crop with relation to 
year of sampling and depth (plots 7H sampled 
July 1971 and November 1972) 
Source df MS F 
Total 39 
Hep 1 28.9 0.62 
Year 1 108.9 2.34 
Depth 9 218.6 4.70* 
Year x depth 9 82.4 1.70 
Error 19 46.47 
•Significant at O.05 level. 
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Table A-14. AOV. Difference between accumulation of inorganic 
N at 5-20 ft depth of plots receiving 80 and l60 
lb N/A each year under continuous com during 
1954-1969 in Napier silt loam (plots ?(! and 7H 
sampled November 1972) 
Source df MS F 
Total 59 
Rep 1 6.0 0.07 
Depth 14 63.5 0.77 
Plot 1 608.0 7.43* 
Depth X plot 14 148.2 1.81 
Error 29 81.8 
•Significant at the 0.05 level. 
Table A-I5.  AOV. Comparison of the accumulation of inorganic 
N at 5-20 ft depth in plots receiving 80 lb N/A 
each year (7G) during 195^ to I969 under continu­
ous com to plots receiving I60 lb N/A every 3rd 
year (6E) also under continuous corn and during 
the same period of time. Plot 6E had the highest 
inorganic accumulation at 5-20 ft depth among 3 
sets of plots receiving the same treatment at 
alternate years 
Source df MS F 
Total 59 
Treatment 1 1058.4 25.17** 
Rep 1 91.3 2.17 
Depth 14 53.2 1.26 
Treatment x depth 14 41.0 0.97 
Error 29 42.05 
••Significant at the 0.01 level. 
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Table A-16. AOV. Difference in inorganic N accumulation 
among plots receiving 160 lb N/A every 3rd. year 
on alternate years with continuous com crop 
during 195^ to I969 in Napier silt loam (plots 
4E, $E and 6E sampled November 1972) 
Source df MS F 
Total 89 
Rep 1 0.9 0.10 
Depth 14 18.2 2.18* 
Plot (year receiving N) 2 270.4 32.38** 
Depth X plot 28 18.4 2.20** 
Error 44 8.35 
•Significant at the 0.05 level. 
••^Significant at the 0.01 level. 
Table A-I7.  AOV. Comparison of inorganic N accumulation at 
5-20 ft depth among COM rotation plots receiving 
80.1b N/A with com crop in alternate years dur­
ing 19^ to 1969 in Napier silt loam (plots ID, 
ZD and 3D) 
df MS 
Total 
Plot (year) 
Depth 
44 
2 
14 
0.35 
0 .81 
Error 28 3.21 
167 
Table A-18. AOV. Comparison of inorganic N accumulation at 
5-20 ft depth between COM rotation plots receiving 
80 lb N/A with corn during 195^ to I969 with con­
trol plots under continuous com during the same 
period in Napier silt loam (average of ID, 2D and 
3D plots, and plot 7A) 
Source df MS P 
Total 29 
Plot 1 3.3 0.35 
Depth l4 1.1 0.11 
Error 14 9.4 
Table A-I9. AOV. Gravimetric soil moisture at 0-5 ft depth 
of Napier silt loam among continuous corn plots 
receiving 0, 320 lb of fertilizer N/A every 3rd 
year and 320 lb of fertilizer N/A each year 
Source df MS F 
Total 169 
Rep 1 7.9 0.26 
Treatment 2 95.2 3.20* 
Month 2 435.5 15.66** 
Year 2 322.9 10.87** 
Depth 4 179.1 6.03** 
Error 158 29.7 
•Significant at 0.05 level. 
••Significant at 0.01 level. 
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Table A-20. AOV. Gravimetric soil moisture at 0-5 ft depth 
of Napier silt loam under continuous com and 
COM rotation, both with no fertilizer N applied 
Source df MS F 
Total 179 
Rep 1 38.2 1.48 
Treatment (cropping) 1 355.6 13.78*^ 
Month 2 319.6 12.38** 
Year 2 338.6 13.10** 
Depth 4 171.5 6.64** 
Error 169 25.8 
••Significant at the 0,01 level. 
Table A-21. AOV. Gravimetric soil moisture at 0-5 ft depth 
of Napier silt loam under continuous corn receiv­
ing 320 lb fertilizer N/A every 3rd year and under 
COM rotation receiving I60 lb fertilizer N/A with 
the com crop 
Source df MS F 
Total 179 
Rep 1 1.9 0.08 
Cropping system 1 152.4 6.71^^ 
Month 2 286.8 12.63** 
Year 2 158.8 6.99** 
Depth 4 281.3 12.39** 
Error 169 22.7 
••Significant at the 0.01 level. 
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Table A-22. AOV. Gravimetric soil moisture (May 1971 and 
November 1972) at 5-15 ft depth of Napier silt 
loam under continuous com receiving 320 lb of 
fertilizer N/A every 3rd year and plots receiving 
320 lb of fertilizer N/A each year 
Source df MS F 
Total 79 
Hep 1. 21.0 9.37** 
Treatment 1 59.5 26.56** 
Year 1 7.8 3.48 
Depth 9 4.5 2.00* 
Error 67 2.24 
•Significant at the 0.05 level. 
••Significant at the 0.01 level. 
Table A-23.  AOV. Gravimetric moisture (May 1971) at 5-15 ft 
depth of Napier silt loam under COM rotation and 
under continuous com 
Source df MS F 
Total 19 
Cropping 1 57.8 9.17* 
Depth 9 7.2 1.14 
Error 9 6.3 
•Significant at the 0.05 level. 
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Table A-24. AOV. Gravimetric moisture (November 1972) at 
5-20 ft depth of Napier silt loam under COM rota­
tion receiving 160 lb of fertilizer N/A with the 
com crop and continuous corn receiving 320 lb of 
fertilizer N/A every 3rd year 
Source df MS F 
Total 89 
Cropping 1 52.5 64.02** 
Plots . 2 56.5 68.96** 
Depth 14 10.2 12.47** 
Cropping X depth 14 4.1 5.02** 
Error 58 0.82 
••Significant at the 0.01 level. 

